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ANTHROPOLOGY —Prehistoric culture waves from Asia to America' 
Diamond Jbnnebs, National Museum of Canada, Ottawa, 
Canada (Communicated by H B Collins, Jr) 

The recent excavations of Collins on St Lawrence Island and at 
other places around the Bering Sea* seem to bring out one very 
important point, viz , that there has been no extensive migration 
across Bering Strait unless it be of Eskimo since the early centuries 
of the Christian Lra The Eskimo culture strata in that legion show 
no profound disturbance such as one would expert from an invading 
hoide, but rather a gradual change stimulated to some extent by 
Asiatic as well as stiictly American influences, but not by the intru¬ 
sion of an ahen people Now Nordenskiold and others* have proved 
that although a few Polynesians may on one or more occasions have 
reached the shores of America, there has never been any transoce imc 
migration large enough to affect profoundly the physical composition 
of the aborigmes in the New World or the evolution of their cultures 
We can rule out likewise any immigiation by way of Kamchatka and 
the Aleutian Archipelago if foi no other reason thsn that the archi¬ 
pelago has yielded no traces of earlier remains than those of the 
Aleutian Eskimo, who undoubtedly reached their home from Amer¬ 
ica Bering Strait, therefore, was the only route of ingress into this 
hemisphere, and the forefathers of every known division of Indians 
must already have crossed this strait by the beginning of the Chris¬ 
tian Era 

This conclusion harmomzes well with the results of linguistic 
studies Hitherto we have utterly failed to Imk up any American 
Indian language with any language or group of languages m the Old 

‘ Address of the retiring president of the Amenoan Anthropologioal Aoeociaiion de- 
livered at ChioMo, III on l>eooinber 29 1939 

* CoLi iNR H B Archaeology of Bt Lawrence Island, Smithaonian Miac Ck>ll 
^d(l) 1937 

■ Cf NoRDBNBEidzD E Origin of the Indian Cl vilisations in South America Com«> 
par^ve Ethnographical Studies 9 1931 

Dixon, Roland B The long voyages of the Polynesians Proo Amer Phil Boo 
74(3) 167-176 1934 
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World. Thus Rivet’s effort to connect the Hokan dialects of Cali¬ 
fornia with Malayo-Polynesian, and some Patagonian languages with 
Australian, has apparently found few supporters. Some day we may 
succeed in joining up Eskimo with the Ural-Altaic languages and in 
proving that the Athaposkan or D6n6 tongues of North America 
are genetically related to the Sinitic tongues of eastern Asia. Such 
relationships, however, even if confirmed, must be exceedingly dis¬ 
tant, for we know how little the Grecnlandic Eskimo dialects have 
diverged from the north Alaska ones, despite a separation of 1,000 
years, and how small is the difference, after an equally long separa¬ 
tion, between the Navaho Indian dialect in the Southwest of the 
United States and the dialects spoken in the Mackenzie River Basin. 
Probably much of the linguistic diversity among the Indians and 
Eskimo took place in Asia l)efore their entry into the New World; 
but the fact that no American tongue is palpably related to any 
Asiatic one strongly suggests that the inhabitants of the New World, 
barring the Eskimo to whom I will return later, separated off com¬ 
pletely from those of the Old more than 2,000 years ago. 

On ethnological grounds, too, there seems no reason to question 
this conclusion, because the traits that are common to Asia and 
America, apart from a few that arc concentrated near the bridge-head 
at Bering Strait, arc so widely diffused in both continents that they 
evidently carry a very respectable antiquity. Even the resemblances 
between the Palae-Asiatics and the Indians of the northw’est coast of 
America hardly demand a migration in post-Christian times. If there 
was such a migration it is more likely to have been from America to 
Asia by way of thb Aleutians and Kamchatka, as Collins has shown,* 
than from Asia to America; moreover, it was a relatively insignificant 
migration that introduced into northeast Asia a few cultural traits 
such as labrets, certain forms of stone lamps, a certain type of 
house, and pierbaps some folk tales, but failed to effect any far- 
reaching changes. It can hardly account for the much deeper re¬ 
semblances, e.g., in physical type and clothing, between the Palae- 
Asiatics and some of the American Indians. 

For the millennia that preceded the Christian Era, the millennia 
that saw the peopling and subsequent isolation of America, arch¬ 
eology, our safest guide, has afforded us hitherto only one or two un¬ 
certain clues. The main props for our theories have come from eth- 
nolo^, linguistics, and physical anthropology, none of which can 

4 CoLLiNB, H B , op 01 1,, pp. 376-378. Also Culture migrationa and oontaote In 
the Benng Sm region Amer. Anthrop 39(3)* 376-384. 1037. 
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furnish more than the vaguest indications of a time sequence. In 
founding our theories on these disciplines we are building on shifting 
sand, and we need not be surprised if the theories topple over when 
the spades of the archeologists succeed in uncovering new and 
possibly unexpected remains. 

The geographical position of the Athapaskan Indian tribes along 
the pathway from Bering Strait toward the Equator, the late date 
(about 1000 A.D.) when their advance columns reached the Southwest 
of the United States, the comparatively minor changes in their dia¬ 
lects from the Mackenzie Delta to Arizona, and the still demonstrable 
affinity of their language (if we may trust Sapir) to the Sinitic tongues 
of eastern Asia, all suggest that their movement into America did 
not long precede the Christian Era. There are faint indications that 
they may have entered this continent, or at least have advanced 
south from Alaska, in two waves, one considerably earlier than the 
other; for it is noticeable that the most divergent or archaic-seeming 
dialects (e.g., ilaida and Tsetsaut) lie on the west side of the Rockies, 
where the snowshoe and the wooden toboggan so omnipresent in the 
Mackenzie River Basin seem to have been unknown in pre-European 
times. There arc faint indications, also, that their irruption into the 
Mackenzie River Basin created a considerable displacement of other 
peoples who were occupying this region at the time, or were located 
on its outskirtB.° A recent botanical investigation by Dr. Raup sug¬ 
gests that the grasslands of the Peace River area, perhaps too the 
forest zone along the northern edge of the plains, was muskeg land 
or tundra no longer ago than 2,000 or 3,000 years, and that the pres¬ 
ent-day bison and moose were preceded by herds of caribou. Presuma¬ 
bly, the Eskimo of those days extended much farther south than 
they do now and were pushed eastward and northeastward by the 
invading Athapaskans. 1 incline to think that it was at this period 
the Caribou Eskimo were restricted to their present home on the 
Barren Lands west of Hudson Bay; and that a kindred group of 
Eskimo fugitives occupied the coasts of the eastern Arctic, where they 
developed that mysterious Dorset culture, which extended in pre¬ 
historic times from Newfoundland to Greenland. 

In addition to driving out the Eskimo, the Athapaskans may have 
dislodged some Algonkian tribes, as Birket-Smith believes, and 
started them on a movement that carried them into the Labrador 
Peninsula. Certainly the traditions of these Montagnais and Naskapi 

' Cf. Bibkit-Smith, Kaj. Folk-wanderlngB and culture drifts m northern North 
America Journ 8oc Amnnoanisteii Paris, n.s , 22: 26-29 1930 
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Indiann bring them from the went, and the strange stone culture dis¬ 
covered by Strong near Nain,* on the Labrador coast, despite its 
distinctly Algonkian flavor, seems so alien to them that we may 
ascribe it tentatively perhaps to some early group that was later 
absorbed or destroyed by other Algonkians, as were the now-extinct 
Beothuk Indians of Newfoundland. 

I am more reluctant to follow Birket-Smith in attributing to the 
Salish Indians of British Columbia an early home on the Canadian 
plains from which they were driven westward by the Athapaskans, 
because so many traits in Salish culture point to a southern rather 
than a plains’ origin, and their language, even should it prove to be 
Algonkian, as Sapir suggests, differs so widely from Blackfoot, Cree, 
and other members of that linguistic stock that it surely indicates a 
very long separation. Nevertheless, we must not overlook the pos¬ 
sibility that the Salish Indians may have a dual origin, that they may 
be an amalgamation of two groups, one of which came originally 
from the south, and the other from the Canadian plains. 

Shapiro and Seltzer^ have pointed out the marked resemblance in 
physical type between the northeastern Algonkians (including the 
Ilurons, who absorbed many Algonkians into their ranks), the 
Chipewyan Indians of Lake Athabasca, and large groups of Arctic 
Eskimo, particularly those in Coronation Gulf, Smith Sound, and 
Seward Peninsula. Now wc know that at least the Coronation Gulf 
Eskimo, like those of Hudson Bay, dwelt inland only a few centuries 
ago. Hence physical anthropology also seems to indicate that the 
Eskimo and Algonkians formerly lived in such close contact, some¬ 
where in the heart of Canada, that either the Eskimo freely took 
Algonkian wives or certain Algonkian groups adopted the Eskimo 
culture, and, under pressure from the invading Athapaskans, moved 
northward to the Arctic coast. 

It is idle to speculate on the Asiatic home of the Athapaskans or 
the route they followed to Bering Strait. Even archeology may never 
be able to throw light on this question, because the majority of theur 
tools and weapons had blades and points of bone rather than of stone, 
and bone disintegrates very rapidly. This, at least, is true of Canada. 
In Alaska there seems to be a greater wealth of stone implements, 

* Btkong, W. D. a stone culture from northern Tsabrador and its relation to the 

Eakimo-like cultures of the northeast Amer Anthrop 32:126-144 1934 Cf the 

review by Wintbhbdro. W J , in Geon. Rev , Got., 1930, p 673 

* Shapibo, H L. The Alaskan Eskimo Anthrcm, Pap Amer. Mus Nat Hist. 

31(pt 6) 1931; The origin of the Eskimo Proc 6th Pacific Sci. Congr 4:2723-2732. 

1933 

Sbltzsr, Carl C. The anthropometry of the western and copper Eskimos. 
Human Biol. 5(3): 312-370. 1933. 
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and there too we find pottery as far up the Yiikon River as the mouth 
of the Tanana. Both these traits, however, may well be due to Eskimo 
influence, since no other American Athapaskan tribe was acquainted 
with pottery unless it bordered on a pottery-using people. 

We may assume, then, until evidence to the contrary is forthcom¬ 
ing, that hordes of Athapaskan-speaking peoples crossed Bering 
Strait some time in the first millennium b.c. and forced their way 
southward, some by way of the Mackenzie River, others down the 
western slopes of the Rockies until they reached Colorado, Arizona, 
and New Mexico. It was they, perhaps, who introduced bows and 
arrows and the Mongoloid strain in Pueblo I remains, shortly before 
the end of the first millennium a.d.; they, too, who introduced the 
snowshoe and other important elements into America, as Birket- 
Smith cogently argues—though 1 find it difficult to ascribe to an 
Athapaskan invasion all the elements he includes in the snowshoe 
complex, particularly hunting territories, which I .suspect are post- 
European, and moccasins, cradle-boards, bark vessels, and the use of 
fatty substances for tanning skims, since these elements occur also 
in the extreme south of South America. 

Inseparably linked ^vith the Athapaskan invasion are the Eskimo, 
whom they partly dislodged, and the Indians of the northwest 
Pacific roast, the “totem-pole" Indians whose origin and culture still 
remain a profound mystery. 

IjgI us consider the latter first. Smith’s excavations in the shell- 
heaps along this Pacific coast have yielded rather negative results, 
although the forest growth proves that some of the heaps were aban¬ 
doned at least 500 years ago and that their lowest levels must be 
several hundred years older. They revealed that there was a long¬ 
headed strain in the population that is absent in the modern Indians 
of the region; also that a few implements had a somewhat restricted 
range, being absent either in the more northern heaps, or in the more 
southern. By and large, however, there was little or no indication of 
any earlier culture than that which was still flourishing along this 
coast in the nineteenth century, although it was originally somewhat 
simpler, and more nearly related, apparently, to that found inland up 
the Fraser River. Even in the first millennium a.d., then, it was ap¬ 
parently well rooted in its present home. 

As far as their physical type is concerned, the modern Indians 
of this area are indistinguishable, Hrdliika states, from the Gilyak 
and other tribes on the Amur River in Siberia; but the affinities of 
the earlier, long-headed strain are uncertain. 
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Linguistic studies indicate that Haida and Tlinkit are greatly 
modified forms of Athapaskan or D6n£, that Tsimshian is a Penutian 
tongue related to some languages in California, while the three south¬ 
ern languages, Kwakiutl, Nootka, and Salish, may ultimately prove 
to belong to the Algonkian linguistic stock. This helps our present 
enquiry very little, except that it suggests a pressure of Athapaskan 
tribes in the north strung enough to impose the language but not to 
alter the physical type; and since the Ilaida and Tlinkit languages are 
so unlike each other, and so unlike other D£n6 tongues, it suggests 
also that they originate from the earliest Athapaskan wave and have 
undergone considerable changes since, partly owing to their isolation 
and partlv to the influence of neighboring tongues. 

The evidence of ethnology is rather confusing. Several traits, nota¬ 
bly weaving with loom and spindle, the sib and moiety system, and 
the chewing of “tobacco” with limie, suggest a linkage with the south 
and middle America. Others may have developed locally, e.g., plank 
houses, special types of twined basketry, the ca.ste stratification, and 
the peculiar style of art. A few traits lead us northward; thus the 
whaling practices of the Nootka, and the decorated lamplikc vessels 
of stone that were made by the Coast Salish, find their nearest if not 
their only parallels among the Eskimo. Several traits, however, carry 
us beyond the Eskimo right into Asia. There is slat armor, dis¬ 
tributed almost continuously through Bering Strait (where it was 
used in the first millennium a.d.) to Japan and China; woven hats, 
a definitely Asiatic trait; curved fish knives, which recall East Asiatic 
curved knives as well as the Eskimo ulo; a musical style that seems 
altogether different from that of other American Indians, but, ac¬ 
cording to Barbeau," so strongly Asiatic that certain songs practically 
coincide with northeastern Siberian ones, while others closely re¬ 
semble Chinese Buddhist chants; and a social organization based on 
wealth rather than on descent or prowess as elsewhere in America, 
an organization that expressed itself outwardly in a potlatch system 
strongly reminiscent of Indonesia and Melanesia, and in totem poles 
and grave monuments that, despite profound differences, instinctively 
draw our eyes to the grave posts on the Amur River. Even the unique 
art of this northwest coast may offer a clue, because, as Colhns* has 
pointed out, its eye designs resemble those of the mysterious Old 
Bering Sea Eskimo and also the eye designs on Chinese Shang Dy¬ 
nasty bronzes of the second millennium b.c. Finally, we have such 

' Babbeau, Mariub The Sibenan origin of our north-western Indians Proo. 
Ml Paoifio Sci Congr 4 : 2781-2784 1933 

' Collins, H B Op cit , p 208. 
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close parallels in mythology between the northwest Indians and the 
Palae-Asiatio tribes of Siberia that Jochelson went so far as to postu¬ 
late a backward movement of tribes from America into northeastern 
Asia. 

We might also add in this connection two other elements not found 
on the Pacific coast itself but present among the Interior Salish In¬ 
dians of the Fraser River Basin. One is the torpedo-shaped bark 
canoe, known elsewhere only from the Amur River in Siberia. The 
other is the semiunderground house, distributed all round the north 
Pacific basin from China to the Southwest of the United States but 
in so many forms that the genetic relationship of them all is still 
uncertain. 

We do not know, of course, the relative ages of all these traits com¬ 
mon to Asia and the northwest coast of America. Some may be com¬ 
paratively modern, others very old. Some may have spread by slow 
diffusion, just as tubular pipes and the tobacco Ntcoltana aUenuata 
spread northward and reached the Fraser River only a short time be¬ 
fore European occupation; others, again, may have been carried by 
a mass migration. Two or three of them, however, notably the social 
organization based on wealth, the talent for sculpture, and the music 
(if this IS confirmed) appear so deeply seated that almost involun¬ 
tarily we associate them with some invading people, a people whose 
original home lay somewhere, perhaps, around the Amur River. Yet 
whether such an invasion ever did take place, and, if so, w'hcther it 
preceded or followed the Athapaskan invasion, must remain unsettled 
until we know more of the archeology of the north Pacific coast of 
America and also of northeastern ^Vsia. 

Archeology has made more progress with the Eskimo, the other 
people who appear to have been influenced by the Athapaskan inva¬ 
sion. Here I should like to pay tribute to the magnificent work of 
Danish scholars, not only the brilliant galaxy still living but to the 
long line of their predecessors, from Hans Egede in the eighteenth 
century, Henry Rink in the nineteenth, to the last and in some re¬ 
spects the greatest of them, the late Knud Rasmussen. Thanks largely 
to Danish researches, supplemented by those of the Smithsonian In¬ 
stitution in Washington, we know that behind the modern Eskimo 
cultures there are three ancient ones, the Old Bering Sea in the west, 
the Thule, which originated in the west but spread over Arctic Amer¬ 
ica to Greenland, and the Dorset, which was restricted to the eastern 
Arctic. The origins of all three cultures still await the results of further 
excavations in both the east and the west. Tentatively, however, I 
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should advance the followinK hypotheses, in the hope that they may 
stimulate and guide the workers of the future. 

In spite of suggestions to the contrary, I still believe that the third 
culture, the Dorset, is a genuine Eskimo one that has absorbed certain 
Indian traits, rather than an Indian culture that has Eskimoized 
itself, for the reason that we know of no Eskimo culture except the 
Thule that could have influenced it, and many of its non-Indian 
traits are equally non-Thule. Of special signiflcancc is the fact that 
a few of these traits seem to hark back to a very early Eskimo stage, 
because we have no parallels to them except in the far west. Collins'” 
has already pointed out that in the Dorset, as in the ancient Aleutian 
and Old Bering Sea cultures of western Alaska, chipped stone imple¬ 
ments immeasurably outnumber those implements of polished slate 
that are so characteristic of Thule and later times; also that Dorset 
art represents a fairly close approach to Old Bering Sea style I. 

Let us examine these early eastern and western cultures more 
closely. In both the Dorset and the Old Bering Sea, but not in later 
remains, we find incurved side scrapers and trapezoidal knives of 
chipped chert, small slate implements with rubbed edges" that may 
have been boot creasers, and rubbing stones of polished crystalline 
rock, quartz in the east and basalt in the west. From an Aleutian 
shell-heap, again, Hrdli£ka has brought back such typical Dorset 
types as small leaf-shaped blades notched on each side of the base, 
knives with curving edges like miniature hunting-knives, and points 
with concave bases, the only difference being that the Aleutian speci¬ 
mens are chipped from crude basalt instead of the more amenable 
chert and quartz. One Aleutian knife (7) even has three notches on 
each side of the base, as we find on a few Dorset specimens also.'” 

Now we must not forget that in addition to these special forms 
known only from the east and the far west, the Dorset culture pos¬ 
sesses many other old Eskimo traits, such as toggle harpoon heads, 
eyed needles and tubular needle cases, chipped end-scrapers, polished 
stone adz heads and adzlike scrapers, barbed bone fish-spear points, 
stone lamps and pots, and even "jumping stones."** It is true that 
some of these objects have peculiar shapes, but there are others hardly 

CoLLiNH, H. B, Op clt, p 373 
'Hn the Dorset culture implements of both elate and chert 
At Kachemak Bay de lAaguna found the following Dorset types: planing adi 
blade, chipped asymmetric knife blade with notched tang, one type of harpoon head, 
needle, and dart heads barbed symmetrically and asymmetrically on both sides. 
(Fbkderica dn Laguna, Archaeology of Cook Inlet, Alaska, p. 213, 1034 ) 

“ “Jumping stones" have been discovel-ed in Newfoundland and, more recently, 
inland from Hudson Bay, in the territory of the Caribou Eskimo 
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distinguishable from Eskimo types elsewhere. Furthermore, the Dor¬ 
set p>eople possessed in full measure the skill of other Eskimo in carv¬ 
ing bone and ivory, for in 1937 Rowley brought back from Iglulik, 
on the northwest coast of Hudson Bay, some excellent figurines of 
Dorset manufacture that rival in workmanship similar figurines from 
any period of Eskimo history. 

In view of all this, are we not justified in suspecting, not merely 
that the Dorset culture is genuinely Eskimo, but that it has stemmed 
from the same parent trunk as the ancient cultures of western Alaska? 

If we accept this reasoning, then we must believe that the ancestors 
of the DorhCt people separated from the western Eskimo before the 
flowering of the Old Bering Sea culture about the beginning of the 
Christian Era. This would date their entry into Canada not later 
than the first millennium b.c., and possibly even in the second mil¬ 
lennium. The closing centimes of the second millennium B.c. appear 
in fact the more probable if, as I have already suggested, it was an 
invasion of Athapaskan tribes that pushed the Dorset people out to 
the coast of the eastern Arctic; for the Athapaskans themselves, as 
we have seen, must have crossed Bering Strait from Asia before the 
Christian Era. 

Collins” has already pointed out certain features in which the Dor¬ 
set Eskimo influenced later cultures in the eastern Canadian Arctic 
and in Greenland. He has shown that the modem form of the eastern 
harpoon head, with its bifurcated base and line holes on the upper 
surface, is probably derived from a Dorset type; also that Solberg’s 
Stone Age culture in northwest Greenland represents a mixture of 
Dorset and Thule elements. Even the physical characteristics of the 
Greenland Eskimo may have been modified by Dorset admixture, 
since Greenland Eskimo skulls (outside of Smith Sound) resemble 
those of the old Birnirk Eskimo in the western Arctic (who were the 
immediate successors, if not the actual contemporaries of the Old 
Bering Sea people), more than they do Thule skulls from the eastern 
Arctic, or the skulls of Thule descendants in Smith Sound, South¬ 
ampton Island, and Barrow.” 

Ijet us turn our eyes again to the western Arctic, where Collins 
has so brilliantly deciphered the Old Bering Sea culture and traced 
its evolution, or devolution, down to modern times. The Birnirk 

^ Collins, H B. Op cit, pp. 315, 336 
Gf Fiscbsh-M^llsh, K Skeletal remains of the central Eskimos Rep 5th 
Thule Exped. 3(1) 1637; nnil Skeletons from ancient Greenland graves Medd. 

Gi^nland 119(4) 1033 
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phaae of Barrow appears in his sequence as the immediate successor 
of the Old Bering Sea, marking the beginning of the Punuk culture. 
It seems rather strange, however, that its characteristic harpoon 
heads are made of bone instead of the usual ivory, and that they are 
rarely if ever decorated. Like the later Thule-type harpoon heads 
also present on St. Lawrence Island, they rest there uneasily as if 
they were intruders and did not belong to the strict order of succes¬ 
sion, Old Bering Sea, Pimuk, and modern. One wonders, too, why the 
Old Bering Sea art should have undergone a slow and gradual modi¬ 
fication on St. Lawrence Island all through Punuk times, century 
after century, whereas at Barrow it vanished completely in the Bir- 
nirk stage. 

Can it be that the St. Lawrence material is slightly misleading? 
The Bimirk (and its first-born child the Thule) is perhaps not a direct 
offspring of the Old Bering Sea, but both may be offspring of some less 
advanced culture that flourished on the northeast coast of Siberia 
around the mouths of the Kolyma and Indigirka Rivers. From this 
region the hypothetical parent culture may have sent its offspring 
eastward. One branch crossed over Bering Strait and proceeded north 
along the Alaskan coast to Barrow, blaring a trail that was followed 
by trading parties in later centuries; it still maintained connections 
with the south, however, since Geist*' found a whetstone of Kobuk 
River nephrite in Old Bering Sea remains on St. Lawrence Island. 
The other branch colonized the coastline of Siberia southward from 
East Cape and either then or later established a few outposts on St. 
Lawrence Island. Subsequently, I suspect, the southern colony on the 
Siberian shore below Bering Strait, powerfully stimulated by a yet 
more southern source (ultimately, it may be, from China), revolu¬ 
tionized its style of art, and acquired perhaps some new elements, 
such as pottery and the bow drill, that appear to have been unknown 
in the still earlier period I hinted at before, the period when the an¬ 
cestors of the Dorset people first crossed Bering Strait onto Alaskan 
soil and pushed into the heart of North America. 

The reader may say, perhaps, that, like a fecund rabbit, I have 
already delivered too large a brood of unsubstantiated theories (some 
of them possibly still-born). Nevertheless 1 hope he will pardon me 
if I add one more progeny to the overabundant litter. 

In Old Bering Sea remains on St. Lawrence Island Collins found 
many dog skulls that had been broken for their brains; and the dogs 

OiiBT and Rainkt, Archaeologloal exoavatlonB at Kukulik, St. Lawrence la- 
land, Alaska Misc. Publ. Univ. Alaska 2: 100. 1030. 



Jan. 15, 1940 


JCNNB88: CULTUBB WAVES VROH ASIA 


11 


were of a smaller breed than those of Punuk and later times. Further¬ 
more, objects associated with dog traction, such as toggles, flat bone 
sled-shoes, and whip ferrules, did not appear until the close of the 
Punuk ]>eriod, or roughly 200 years ago, so that evidently the St. 
Lawrence islanders throughout most of their history never used dogs 
to drag their heavy-runner sleds. In the eastern Arctic, however, 
Mathiassen found numerous dog-harness toggles in Thule remains 
dating back 1,000 years or so; and the dogs that wore this harness 
doubtless belonged to that rather large and heavy breed so prevalent 
in the eastern Arctic today. Moreover, the Thule Eskimo, like the 
modern, seldom or never ate them, for Mathiassen remarked no 
broken dog skulls in any Thule site. No dog bones have yet been 
recovered from an unmixed Dorset site, nor have we found any sled 
toggles or harness toggles, though there arc some flat, bone sled- 
runners. We read in Frobisher’s Voyages,*^ however, that in the six¬ 
teenth century the Eskimo of Frobisher Bay, in the heart of the 
old Dorset range at the eastern entrance to Hudson Strait, kept two 
distinct breeds of dogs, a smaller one for eating and a larger one for 
dragging the sleds. 

How are we to explain these facts? It seems to me quite possible 
that dog traction was unknown to the earliest Eskimo who reached 
America, not only to those who remained in Alaska, but to those too 
who pushed eastward into Canada and later spawned the Dorset 
people, and perhaps also the modern Caribou Eskimo. Both groups 
alike, however, kept a small breed of dog for hunting and for eating. 
Then, about the end of the Birnirk phase at Barrow, some time in 
the first milleimium a.d., a larger, sturdier breed of dog was intro¬ 
duced into Arctic America from Siberia, where dog traction, if not 
earlier than reindeer traction, arose as a substitute. About the same 
time, too, whaling originated in the same region or was introduced 
from Siberia also. Under the combined impulses of dog traction and 
whaling certain bands of these north Alaskan Eskimo trekked east¬ 
ward, carrying their Thule culture with them; and in the eastern 
Arctic they encountered and merged with the Dorset people. Dog 
traction then became general throughout the whole of the Arctic, 
though St. Lawrence Island, being in a kind of back eddy, did not 
receive it until rather late. The smaller breed of dog in the west and 
east became extinct, but in Frobisher Bay a mixed group of Thule and 
Dorset Eskimo retained and ate it down to the sixteenth century, 
when it disappeared there also. 

The three voysgee of Mertln Frobiiher, pp, 136-137. Hakluyt Society, Tendon, 1876. 



12 JOURNAL OK THS WASHINGTON ACADEUY OF 8CIKNCB8 VOI. 30, NO. 1 

You will note that I have pictured the original homeland of the 
Eskimo, not in America, but in northeast Siberia about the mouths 
of the Kolyma and Indigirka Rivers. It would not surprise me if it 
were in this region, rather than in northern Alaska, that the Birnirk 
culture evolved, and even the subsequent Thule. Yet it is probable 
that the homeland as thus defined is far too narrow, that it should be 
extended westward. Certainly in post-Christian times there were 
Elskimo-likc people far to the westward, on the Yamal Peninsula, for 
example, at the mouth of the Ob, where Chemezov has excavated 
three of their earth lodges,'^ probably also in northeast Ru.ssia, since 
the kayak and bidarka are reported from that region as late as the 
sixteenth century.*' If some antecedent to the Old Bering Sea, Birnirk 
and Dorset cultures could be discovered on the Arctic coast of western 
Siberia, it would vastly les.sen the gap, both in time and space, be¬ 
tween the historic Eskimo cultures and those of the epipalaeolithic 
peoples of northern Europe to which they bear a considerable 
resemblance. 

In expounding his fertile theory of two culture layers in northern 
Eurasia and North America, an earlier coastal or ice-hunting layer 
and a later inland or snowshoe layer, Hatt justly signaled out the 
Eskimo as belated survivors of the ice-hunting stage who had adapted 
themselves to life on the seashore and to the hunting of sea mammals. 
If, as I have attempted to show, this adaptation occurred on the 
Arctic coast of Siberia, not later than the second millennium b.c. and 
probably much earlier, than wo should look for its inland predecessor 
in that “Siberian pocket” of which Zolotarev speaks, the Barstinsky 
Steppes, the upper Irtish, Ob, and Yenesei regions, and the narrow 
strip of territory extending to Yakutsk. Quite probably it will prove 
to be but one of many cultures, closely alike, that extended during 
epipalaeolithic and early neolithic times from the Baltic to eastern 
Siberia. The snowshoe may have originated on the southern fringe 
of this zone, perhaps near the Lake Baikal region. At all events, the 
complex to which it gave rise seems to have contributed very little 
to the Eskimo cultures until relatively recent times, if we disregard 
the pressure exerted by its American carriers, the invading Atha- 
paskans, on the Eskimo of eastern Canada. As far as we know today, 
the snowshoe itself first appears among the Eskimo in the Thule-age 
mound-dwellings at Wales, Alaska, wbdeh may not be older than six 
or eight centuries. 

Cf ZoLOTABSv, A. The ancient culture of north Asia Amor Anthrop 40 : 
16. 1038. 

Cf MacRitchii, D. Journ. Roy. Anthrop Inet 42 : 403-610 1912 



Jan. 16, 1940 


jbnnbbb: cultubs waves from abia 


13 


I have suggested that pottery, being unknown to the Dorset 
people, reached Bering Strait after some of the Eskimo had already 
entered America and wandered eastward. Richthofen*” has drawn 
attention to the striking resemblances, particularly in decoration, 
between pottery found at Krasnojarsk and other places in Siberia, 
and pottery from the Algonkian or Woodland area in eastern Canada 
and the northeast United States. Following up this observation, 
McKern*^ suggests that "a culture closely related and directly parent 
to the Woodland Pattern, with pottery but without agriculture, origi¬ 
nated in Asia, came into America and inland by way of the Yukon 
and Mackenzie Valleys, had a special development in a locale center¬ 
ing just south of Jjake Superior to become what is now classified as 
the Woodland pattern, and diffused from that center west, south and 
east to its maximum area limits, which are not as yet well defined.” 

There are serious objections to this hypothesis. In the first place 
we have no evidence that any of the pottery found in this section of 
North America dates back beyond the Christian Era, and in more 
than one place, e.g., at Lamoka, we have discovered the remains of 
an earlier people who, like the Newfoundland Beothuk, did not use 
pottery. Secondly, not a single sherd of pottery is known from the 
Mackenzie River Basin or the upper reaches of the Yukon; and the 
pottery on the lower Yukon was probably copied from the Eskimo 
of the Punuk period. We have every reason to believe that no Atha- 
paskan tribe ever made pottery unless, like the Sarcec, it was in close 
contact with a pottery-using people. It is true that \\e have found 
sherds at a few sites along the southeastern fringe of the Mackenzie 
Basin—at Isle k la Crosse, Reindeer I^kc, and Cree Lake—but only 
within the range of Cree penetration, and the sherds themselves 
resemble Woodland pottery from eastern Canada. In view of the 
vast potteiyless gap separating this Woodland area from the Alaskan 
Elskimo, and the comparative lateness of pottery, apparently, in the 
Woodland area itself, it would seem more reasonable to believe that 
the latter acquired the idea of making pottery from the pottery- 
making peoples bordering them on the south than to connect them 
with the Krasnojarsk and other Siberian cultures so far removed 
in space, if not also in time. As long as the highway from Asia to 
America—that is to say, all Alaska outside the Eskimo area, and the 

■* RiCBTHoraN, D. Frhr, V. Zur Frage der arohAeologiKchen BoziehunKen 
swischen NordAmerika und Nordasien. Anthropos 27; 123-lfil 10M2 

** McKbbn, W. C An hypothmis for the Asiatic orlrin of the Woodland culture 
pattern. Amor Antiquity 3; 13S>143. 1937. Cf. aleo Fbwkbh, V. J. Aboriginal 

potsherds from Red River, Manitoba. Ibid.* 143-155 
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whole of northern and western Canada—yield no sherds, we should 
cling to the theory that American pottery evolved quite inde¬ 
pendently of pottery in the Old World. 

Beyond the second millennium b.c. we enter a realm of twilight, 
where ethnology almost ceases to flicker and archeology provides 
only one or two faint gleams to light our path. From the Gobi 
Desert in Mongolia, where Nelson** discovered a preneolithio micro- 
lithic culture of Azilio-Tardenoisian character, and Afontova on the 
Yenesei, where Von Merhart** suspects a microlithic station, we jump 
to the Amur River, whence other microliths are reported,** and from 
there to Fairbanks, Alaska, where microliths unearthed on the uni¬ 
versity campus seem to Nelson identical with his Mongolian finds.** 
Can it be that these mark a culture movement from Asia into 
America, and not merely a culture movement, but a movement of 
peoples? 

Still more recently, and from Fairbanks also, it is reported that a 
stone spearhead resembling a Yuma type was found embedded jn a 
small mastodon.** Now Yuma points are closely related to the Folsom 
complex, the oldest yet known in America, dating from a period when 
the camel, the mammoth, the mastodon, and other animals now 
extinct were still comparatively abundant. Because we have hitherto 
discovered no trace of this complex outside of the United States and 
the Canadian prairies, certain writers have suggested that it is a purely 
North American development. As Nelson** points out, however, we 
must continue to assume that its ancestry lies in the Old World until 
we find in North America a still older and more primitive industry 
from which it can be derived. This Yuma-like spearhead at Fairbanks 
should encourage us to search for the complex farther north and west, 
right into Asia itself. 

The Fairbanks discoveries are intriguing from another standpoint. 
They appear to disclose one of the stations on man’s journey from the 
Old to the New World, thereby enabling us to map out his route. 
Many Eskimo have journeyed from Bering Strait round the Arctic 
coast of Alaska to the Mackenzie River Delta, following a route that 
was probably open in early postglacial times also. It may, indeed, 

" Bbrext, C P , and Nbison, N C. Geology and prebistorio archaeology of the 
Gobi Desert Amer Mas Nov , no. 222 1026 

** VoN MziuiAiiT, Gzro The palaeolithic period in Siberia* Contnbutions to the 
prehistory of the Yenisei region Amer. Anthrop. 25 : 46-46. 1023. 

** Sovietskava Arehaeologiya, no. 1, quoted in Antiquity, Dee. 1037, p 407. 

" NaLSON, N. C Notes on cultural relationa between Asia and America. Amer. 
Antiquity 2: 267-272 1937. 

" Amer. Antiquity 3: 188 1037. 

" NausoN, N. C. Amer. Antiquity 2: 320. 1937. 
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have been easier at that period than today, for the climate was per¬ 
haps milder and the Mackenzie Delta not quite so far north. The dis¬ 
coveries at Fairbanks seem to indicate, however, that some at least 
of the early migrants passed up the Yukon Valley, crossed to the 
eastern side of the Rockies (probably over the low divide at the head¬ 
waters of the Liard River), and traveled down the eastern foothills 
of the mountains into the United States. Some of the later migrants 
may have traveled down the western side of the Rockies also, but in 
early postglacial times this route was probably blocked by icc. 


BOTANY .—Two new North American apeciea of Vitis.* J. L. Fen¬ 
nell, U. S. Plant Introduction Garden, Coconut Grove, Fla. 
(Communicated by S. F. Blake.) 

This paper includes descriptions of a new grape of ihs aeativalia 
scries from Florida and of another of the rotundtfoha group from Mex¬ 
ico. The latter is of especial interest as the first member of the section 
Muacadima found in the tropics. 

Vitis glga8>Fennoll, sp. nov. Fig. 1 

FbOniDA B|.UB OBAfB 

Kami saepius glandulari-spinulosi, innovationibus dense albido- vcl 
fcrruginco-tomcntoais; folia magna saepius 3-.5>Iobata inacquilaieraha, lobis 
acutis vel acuminatis; thyrsi fructifen plerumquo ramosi oonici; baccac 
nigrae glaucae 10-14 mm diam ; semen ca 6 mm longum 4 mm latum 
pi^de olivaceum, raphi conalem apice seminis paonc explonte, rostro et 
chalasa obscure aurantiacis. 

Series Aostivales Vigorous high-climbing and hoavy-foliag(‘d vine with 
large leaves and strong heavy canes; internodes medium to long, mostly 
beset with few to many glandular pnckles on strong growths; young wood 
green or reddish, mostly witli some pruinose bloom near nodes, but this 
often obscured by the rusty wool, canes terete, finely stnato, mostly re- 
taimng gray tomentum and black prickles into winter, then of a dark 
buckeye color; diaphragm of full-sized dry canes typically about 3 mm thick; 
tendrils intermittent, strong, often trifid, brown-woolly; growing tips and 
young leaves covered with a dense white or cream or even rusty-oolorcd 
feltlike tomentum which mostly becomes rusty-floccosc a foot or so back 
from tip. Petioles slender, medium to long, usually fi-8 cm, often retaining 
loose wool, round or sometimes shallowly grooved above; leaves large, com¬ 
monly 6-7 inches long from tip of apex to tip of basal lobe, by 6-6 inches 
broad, often larger, riuity, tan or gray-tomentoso beneath; generally ovate, 
mostljr sharp-shouldered, but often 3- or sometimes 5-lobed, and then often 
unequilateral; margin iiregularly, sometimes deeply sinuate-toothed with 
most of the principal veins ending in a slender cusplike point; basal sinus 
broadly to narrowly U-shaped; apex of leaf acute and mostly long-tapering; 
shoulder points mostly acute and often long-acuminate, occasionally 

' Received September 16,1930 
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rounded and then mostly short-acuminatotipped. Inflorescences 11~10 cm 
long, conical to broadly so, mostly well compounded; peduncle slender and 
moderately long, often with false tendril; pedicel slender and long, giving 
cluster a somewhat lax appearance, at insertion of berry green and but 
little warty. Berry spherical to slightly oblate, KKN mm, black, with 
medium to heavy bloom, mostly blue in appearance when ripe; pulp green¬ 
ish. Seeds plump, 6 mm long by 4 mm broad, pale olive or tan m color due 
to the tan-colored scurf which holds tightly to the cofFee-colored testa; 
chalasa round to ovate, little sunken, and like the beak, of a dull orange 
color; raphe and ohalasa surrounded by a tiny groove on outer face, ventral 
depresfflons pale tan in color, shallow, curving away from rapho toward top. 

Flobida: Sebastian River, near Roseland, Brevard County, July 20, 
1938, J. L. Fennell 713 (type nos 52252-52253, National Arboretum 
Herbanum). 

From present knowledge VxiiR gtgas apparently has a very limited range, 
though in colonies where found it constitutes the typical and abundant rep¬ 
resentative of the Aestivalian series In a few cases it takes close observa¬ 
tion to distinguish by the foliage alone the Florida blue grape from some of 
the natural hybrids of V. ahuUleworthn or of F. simpsom (F. cinerea flort- 
dana). However, the spinulose pubescenee of the internodes, the blue bloom 
of the shoots and fruit, the much largtT leaves, the green pulp of the bornes, 
and the different seeds are distinctive. 

In a few respects, such as shape of leaf, Vitis gtgas is suggestive of some of 
the midway forms of F and F. argenitfoha as seen in Virginia or 

Kentucky. The great vigor and rampant growth of the Florida species, how¬ 
ever, as well as the different soil and climatic associations and its botanical 
peculiarities, set the Florida blue grape apart as a distinct kind 

The species is characteristically found forming heavy eanopies of foliage 
over trees along the dry shelly banks of brackish waterways and lagoons 
Together with the rampant Dalbergia ecastaphyllum, it often forms almost 
smothering mantles of growth that extend from the water's edge to the tops 
of the highest jungle trec^a, I have often seen half-grown lioys clamber up 
over these strong tangles of vinca from the water to the very topmost 
branches of the trees 50 ft^et or so above the river 

Vitis gigcLs is found mostly in sweet soil having a high shell content 

Vitis popenoei Fennell, sp. nov Fig. 2 

''Totologbx" Grapi; South Mbxican Muscadine Grape 

Cortex adhaerens lenticellatus non fissilis; medulla nodis non interrupta; 
cirrhi interrupti simplices; folia seirata glabrata longiora quam latiora 
longe attenuata, in petiolis pubesoentibus supra sulcatis; semen reticulatum 
in facie extcriorc e rostro ad apieem sulcatum. 

Subgonus Mnscadtnta. Slender vine with tight, lenticollatc, nonshredding 
bark; pith of canes continuous; matured ffrst year canes olive-brown in color, 
lucid, sometimes finely puborulent especially near nodes, often somewhat 
swollen above nodes; tendrils intermittent, simple, glabrous except near 
base; young growth somewhat angled or squared. Mature leaves small to 
medium, usu^ly cordate-ovate with slenderly acuminate apex, not broader 
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than long (from insertion of petiole to apex), thin, rucose, lucid, glabrous on 
both sides except for some pubescence on the nerves beneath, moderately to 
coarsely serrate and often finely ciliate, the sinus narrowly to brolly 
V-shap^, the under surface occasionally somewhat reddish, the shoulder 
points sometimes prominent; lateral veins (not including the subbasal veins) 
3 or 4 pairs; petioles slender, moderately long, groov^ above, finely and 



closely pubenilcnt. Fruiting panicle not seen (said to be of small to medium 
sisc); berry not seen (said to be about one-half inch in diameter, maroon red 
to purple in color; skin thick; pulp green; ripe fruit has musky aroma 
[Popenoe’s notes]). Seeds mostly about 5.5-6 mm long, about 4 mm broad, 
ovoid to nearly oblong, often unequally developed; teak short; nrdove ex¬ 
tending from teak to top of seed on outer face; chalasa elliptical to some¬ 
times nearly round; raphe evident only on inner face of se^ and then as 
narrow thread; color of seed very darh and surface when dry reticulate- 
wrinkled. 
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Mexico: Grown at Coconut Grove, Fla., from seed collected by Wilson 
Popenoe (P.I. 119001) at Puerto Mexico, Isthmus of Tehuantepec, Vera- 
crux, Mexico. Type no. 56266, National Arboretum Herbarium, collected 
July 5,1939, by J. L. Fennell (no. 1008). 

In general appearance Vttts popenoet is somewhat more suggestive of V. 
rolundi/olta than of V. munsontana owing to the mostly smaller-toothed 
leaf margins and the thin, rugose leaf texture. It is at once distinguished from 
either of these species, however, by the relatively longer leaves and by the 
slenderly prolonged leaf apex. In this n'spect the foliage is somewhat sug¬ 
gestive of that found on certain forms of F. cordtfoUa. Average leaves of 
both V. rotundifoha and V. munsontana measure broader than long (from 
insertion of petiole to apex) m distinct contrast with those of V popenoet, 
which are mostly not broader than long. 

In addition to its botanical differences V popenoet occupies a distinct 
climate and a range several hundred miles farther south than that occupied 
by either of the other two known species of Museadtnta, It is the first and 
only muscadine grape yet known to occur naturally within the tropics. A 
study of its genetic relationship as regards the other muscadine and Euvitis 
species might bring to hght certain characters of horticultural or botanical 
interest. 


BOTANY .—Two new apectes of Muhlenbcrgia.' Chablottb 0. 
Gooddino, Rocky Mountain Herbarium, Laramie, Wyo. (Com¬ 
municated by Jason R. Swalden.) 

Recent study of the genus Muhlenbergia has revealed the presence 
of two new species, both of which occur in the canyons of southern 
Arizona. 

Muhlenbergia zerophila C O. Goodding, sp. nov. 

Perennis; culnu dense caespitosi, glabri vcl scaberuli, 45- 90 cm alti; ligula 
obtusa, 1 5-3 mm longa; laminae involutac, 15-50 cm longac, 1-1 5 mm 
latae; panicula pallida, 15-35 cm longa; glumae 2-3 mm longac, acutac vcl 
acuminatae, scabrac ad apex; lemma 4 mm longum, scabrum; collum hirsu- 
tum; ansta 18-25 mm longa. 

Plants pcroi^al; culms densely caespitose, glabrous to very slightly 
scabrous especially below the nodes, 4^90 cm tall or sometimes more; 
sheaths rounded, very slightly scaberulous; ligule membranaceous, 2-4 mm 
long, obtuse; blades involute, 1-1.5 mm wide, 15-50 cm long; panicle open, 
15-35 cm long about 4-5 cm wide, pale, the branches up to 7 cm long, fili¬ 
form, fiexuous; spikelets about 4 mm long; glumes equal to slightly unequal 
2-2.5 or even 3 mm long, 1-nervcd, acute to acuminate, the apex scabrous 
to very short pubescent; lemma about 4 mm long, scabrous above with short 
tufts of hairs on the callus, 3-nerved, the midnerve extending into a slender 
awn 10-35 mm long. 

* Contributions from the'Department of Boti^ and the Rooky Mountain Her* 
barium of the University of Wyoming, Laramie, Wyo, no 175. Revived September 

wOp IVOiJi 
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This species differs from Af. setifoha m having acute to acuminate glumes, 
longer blades, which are not curled below, and a longer panicle; from M. 
ngxda in having as a rule a longer and narrower panicle, a shorter, broadly 
rounded hgule, and longer acute to acuminate glumes, scabrous at the tip; 
and from Af dubta and Af. metcalfei in having a wider panicle, a shorter 
ligule, which is rounded instead of somewhat lacerated above, acute glumes, 
scabrous at the apex, and long-awned lemmas. 

Type: L N, Gooddtng M 262, collected in Sveamoro Canyon, Aris., 
September 22, 1937. The type specimen is deposited in the Soil Conservation 
Service Herbarium at Tucson, Arix, with duplicate typ^ in the Rooky 
Mountain Herbarium, Laramie, Wyo., and in the U. S. National Herbarium. 

Specimens referred to this species: Stlveys 3477, collected in Syca¬ 
more Canyon, Anz, September 25, 1938; Silvew 348Q, collected in Box 
Canyon, Ariz , September 25, 1038; Oooddtng A 0493, collected in Forest 
Cabin Canyon, Baboquivan Mountains, Ariz , September 24, 1938; Hardies 
and Proclar M 152, collected in Sycamore Canyon, Ariz., November 24, 
1936 

Muhlenbergia dubioides C. O. Goodding, sp. nov. 

PcrenniH, culmi dense caespitosi, striati; ligula truncata, 1-2 mm longa; 
laminae involutae, 15- 50 cm longae, 1-2 mm latac; panicula pallida, an- 
gusta, 15-35 cm longae, 2-4 cm lata; glumac 2-3 mm longae, acute vel 
crosae, scabrao ad apex, lemma 3.5-4 mm longuin, scabrum; callum hirsu- 
tum; arista 3-10 inm longa. 

Plants perennial: culms densely tufted, more or less striate, 50-100 cm 
tall; sheaths rounued; hgule firm to membranaceous, truncate, 1-2 mm 
loiijs; blades elongate, involute, 15-50 cm long, 1-2 mm wide, scabrous above 
ana glabrous to soa^nilous below; panicle 15-35 cm long, 2-4 cm wide, 
pale, the branches approssed, the lower branches 2-8 cm long, rather densely 
flowered; pedicels slender, scabrous; spikolets about 4 mm long; glumes 
membranaceous, 2-3 mm long, subequal, faintly nerved, acute, more or 
less crose at apex, scabenilous above; lemma 3.5-4 mm long, 3-nerved, 
scaberulous above and often almost to the base, the callus with tufts of 
hairs 1-1 5 mm long, the midnerve extending into a rather straight, sca¬ 
brous awn 3-10 mm long 

This species resembles Af. dubia in the appearance of the panicle but dif¬ 
fers in having a shorter truncate ligule, acute glumes, and a hairy callus. 
From Af. xeropktla this species may be separate by its narrow contracted 
panicle, short-awned lemmas, and more truncate ligule. 

Type- W A. Stlveus 3490, collected in Box Canyon, Ariz., September 25, 
1936 Th(^ type specimen is deposited in the Soil Conservation Service 
Herbarium in Tucson, Ariz 

Also referred to this species is E, W, Hardies and Ed Afom’s M 155, 
collected in Bear Canyon, Santa Catalina Mountains, Ariz, November 
28,1936. 
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ZOOLOGY .—Aciimaria from Alaska and Ardic voatera} Oskar 
Carlgben, Lund, Sweden. (Communicated by Waldo L. 
Schmitt.) 

Capt. F. E. Lewia, of Balboa, Calif., owner and commander of the 
M.S. Stranger, with the aHaistance of W. Williams as collector, in the 
course of his 1937 expedition to the coasts of Alaska and north of 
Bering Sound obtained an extensive series of marine invertebrates. 
Included in the material w'ere five species of actinians, which were 
submitted to me some months ago by the U. S. National Museum for 
determination. Two of the species seem to be new to science. One of 
them, Epiactia polans, n. sp., la especially interesting, as it develops 
its embryos in a circular brood chamber situated in the uppermost 
part of the body—a type of brood chamber not previously known 
from Arctic waters but described by me from southern oceans. Be¬ 
cause there is a close relationship between the Actiniaria in Bering 
Sea and the waters of north Japan, I have added here a species of 
Edwardsia dredged in the Sea of Japan in a depth of 2,300 meters, 
shoi\ing that a species of this genus, most of the members of which 
live in very shallow water, can occur in so great a depth. Finally, I 
avail.mysclf of the opportunity to comment briefly on some Actiniaria 
described by Uchida from the coast of Japan. 

Family KDWARDSIIDAE 

Edwardsia arctica Carigren Fig. 1 

Locality — Sea of Japan, 41® 38 5' N , 132® 08' K , 2,300 m , mud and rub¬ 
ble, temiicrature at the bottom +0.18*, K. Derjugin, 16.10.1932, 2 speci¬ 
mens 

Dtacuaston —The specimens wore small, sterile, and very badly preserved. 
The body was so strongly roniractod that several tentacles were squeezed 
out through the aboral part of the body, the invaginatcd part containing a 
great deal of detritus, rendering the examination of the animals very dif¬ 
ficult. I think, however, that they may be referred to Edwardsia arettea 
'Inhere is nothing about the temperature in which the specimens were taken 
to refute such a supposition, os it was a little over zero. As a rule, the nema- 
thybomes seemed to contain no ncmatocysts. By maceration, however, I 
found some 40-48 by about 4.5 m m size. ‘The nematocysts of the tentacles 
were 19-24 by 2 Sp, the spirocysts about 12 by 1 5-27 by 5 m. There arc 
probably 16 tentacles. The appearance of the retractors (fig. 1, o) and parie¬ 
tal muscles (fig. 1, 5) of the perfect mesenteries and the distnbution of the 
latter on the column seem to agree fairly well with those in areiiea (Carigren, 
Actiniaria, The Danish Ingolf Expedition 9, 1, fig 33-38, p. 41 1921). 

‘ Received July 20, 1000 
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Fig 1 —Bdttardtta areliea Carlgren; a, Tranavene motion of retractor; h, tranaverm 
section of panetal muscle of perfect memntery 


Family HALCAMPOIDIDAE 
Halcampoldes purpurea (Shed.) 

Locality —Punuk Island, Bering Sea, 15 fathoms, fine sand, mud, rocks, 
15.1 1937, M.S. Strangerf W. Williams, several specimens. 

Peachia parasitica (Agassis) 

Locality .—Nash Harbor, Nunivak Island, Alaska, rocky gravel, fine sand 
mud, 20.7.1937, M.S. Stranger, W. Williams, 1 specimen, 

Diseueston ,—The fairly strongly contracted, sterile specimen, the length 
of which was 1 8 cm, the breadth 1 3 cm, had 10 tentacles and 20 mesenteries 
arranged typically. The conchula was provided with three lobes, one median 
and cylindrical and two more conical. The nemstocysts of the column were 
22-29 by 3.5-5^!, often a little curved; those of the tentacles 26-36 by 3 6- 
5ft, numerous; those of the actinopharynx partly 27-36 by 4 5-5 m, partly 
14-17 by 2.5m; those of the filaments partly 27-35 by 3.5-4 m, partly 36 5- 
49 by 5~5.5fi, microbasic p-(penicilii-like) mastigophors; the spirocysts up to 
about 26 by 2.5m. The color agreed very much with that of Btadiopata iubt~ 
cola Verrill. It was pale salmon m alcohol, and the tentacles were provided 
with four brown cross bands. 

Remarks.—Peachta (Siphonactinta) parasitica Agassis, Bicidtopsis tubi- 
cola Verrill, Bicidiopsu arcitca Verrill, and probably Peachia quinquepune~ 
taia McMurray are, I think, different development stages of one and the 
same species—a form that reaches a considerable site before it gives up its 
parasitic mode of life and develops the eight imperfect mesenteries. The dif* 
ferent appearance of the conchula is of no great importance, as in Peachia the 
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number of papillae increases with the age of the specimen. Vcrrill {Report 
Canadian Arctic Expedition, pt. G, p. 125, 1922), proposed the genus Btci- 
diopais for Siphonactinia having 20 mesenteries and a mesogloeal sphincter. 
This latter statement is certainly incorrect—there was no sphincter in the 
present specimen. He mentions also that Btcidiopsia sometimes had 18 ten¬ 
tacles. If really so, the specimens may have been very abnormal or probably 
belonged to Eloaetis or Haloelava. 

Family BUNODACTIIDAE 

Epiactis lewiai, n. sp. Fig. 2 

Description .—Body cylindrical, smooth. Fairly close to the sphincter a 
circular deep invagination forming a brood chamber in the female and con¬ 
taining very large embryos very rich in yolk. Sphincter endodermal, circum- 
script. Tentacles conicu, rather long, probably 24. Longitudinal muBcIc.s 
of the tentacles and radial muscles of the oral disk ectodermal. Actinophar- 
ynx longitudinally sulcated. Two well-developed mphonoglyphs. Twelve (6-1- 
6) mesenteries, all well developed, perfect, and fertile. Two pairs of direc¬ 
tives. Not more mesenteries at the base than at the margin. Retractors of all 
mesenteries strong, fairly concentrated, those of the mesenteries of the sec¬ 
ond order, however, weaker than those of the first. Panetobasilar muscles 
very well developca on a strong offshoot of the rocsogloea Ova very largo 
and rich in yolk, Nematoo3^tB of the column 23.5-26 b^ 2.5/t,‘ basitrichs, 
those of the tentacles 29-31 by about 3 m, those of the actinophaiynx partly 
36-38 by about 4m, few, partly 26-30 by about 4.5m, the latter microbasic 
p-mastigophoFB, those of the filaments partly 30-34 by 4.6m, microbasic p- 
mastigophors, partly 31-38 by about 3m, partly 14-18 by 2-2.5m, the latter 
probably basitnchs. 

I have figured the sphincter (fig. 2, a) and two mesenteries, one of the 
first order and one of the secona at the level of the lowermost part of the 
actinopharynx (fig. 2, c) Because I did not wish to mutilate the single speci¬ 
men I had, I have examined closely only two pairs of the mesenteries of the 
second order. As these pairs were perfect and fertile, there is no reason to 
Buppme that the other mesenteries of the second order should be otherwise 
constituted. 

The brood chamber was formed by a deep circular invagination fairly 
close to the sphincter. In the bottom of this invagination each embryo lay 
in a special pocket (fig. 2, b). Because of their great size (0 2 by 0.25 cm in 
diameter), they were rather few in number. The embryos were probably in 
the gastrula stage. Owing to their poor preservation, I can not decide whether 
they were ciliated. 

Color unknown. 

Size in preserved state; Length 2 om, breadth 1-1.1 om. 

Locality —68® 30' N., 169® 20' W., about 30 fathoms, fine gray mud, 7.7. 
1937, M.S. Stranger, F. E. Lewis, 1 specimen. 

Remarks ,—The species is closely related to Epiactis {PseudopheUia) are- 
tica (Verrill) and E. maraupialis Carlgren, both of which, however, had the 
brood chamber in the lowest part of the body and more mesenteries at the 
base. 
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Fi|; 2 - - Epiad.XB lewttt, n sp a, Transverse section of sphincter; b, longitudinjil 
section of uppermost part of body, showing sphincter and brood chamber with em¬ 
bryo; Ct section of one mesentery each of hrst and second orders at level of lowermost 
part of actinupharynx 


Cribrinopsis williamsi, n. »p Figs. 3, 4 

Desertpiton,' -Pedal disk broad, diminishing in breadth ujiward Column 
provided with verrucae in its upper part. Margin with perforated, fairly well 
developed pHeudoRphaeruIes. Fossa deep. Sphincter strong, circumHcript, 
with a rather short main lamella. Tentacles about 48, almost as long as the 
body, conical, and, at least in somewhat contracted state, almost papillous. 
Longitudinal muscles of tentacles ectomesoglocal, strong, radial muscles of 
oral disk mesoectodermal Two broad siphonoglyphs with well-developed 
aboral prolongations. Mesenteries more numerous than the tentacles, at the 
base alMut 72, two pairs of directives, about 24 pairs perfect. All mesenteries 
were sterile, ^tractors of the me^nteries recalling those of EpxacixH polarU 
but weaker, parietobasilar muscles as in this species. Nematocysts of the 
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column 17-19 by 2-2.5n, those of the iiRCudosphaerulps 17-22 by 2-2 5;*, 
those of the tentacles 30-38 by 2.5-3/«, common, those of the actinopharynx 
partly 34-41 by 4-5 m, partly 27 5-31 by 2.5-3^, partly 14-19 by about 2 5/*, 
those of the filaments 24-!^ by 4 5-5/t, microbasic p-mastigophors, spiro- 
eysts of tentacles about 19 by 2-38 by 4a 



Fig 3 —CnbnnofMtm mlltamn, n np a, 8cctii»n nf unfM^rmemt part of column, 
showing sphincter (a) and one perforated pscuilosphacrulc (p), cross section of 
tentacle 

I have reproduced a section of the nppennost part of the column in Fig 3, 
a, showing the sphincter (s) and one perforated pseudosphaerule (p) On the 
left side there is an invagination in the endoderm and mcsogloea, indicating 
the border of a verruca The pseudosphaeniles do not seem to contain more 



Fig 4.—Cn6rinop«# twttiamw, n sp . An individual tentacle. 




26 JOURNAL OF THE WASHINGTON ACADEUT OF SCIENCES VOL. 30, NO. 1 


□ematocystfl than other parts of the column; it was diflScuIt, however, to get 
gwd maceration preparations of them. Fig. 4 shows the exterior of a tentacle, 
fig. 3,6 a croM section. The main lamella of the sphincter in other places was 
sometimes a little stronger, the folds more numerous. 

Color unknown. 

Sisc: Breadth of the pedal disk I 3 cm, at the margin 0.0 cm, height of 
the body, 1 3 cm, length of the inner tentacles 1 2 cm, of the outer ones 0.5 
cm. 

Locality .—Humpback Bay, Alaska, 66® 11' N., 131® 64' W., 16 fathoms, 
near shore, 19.8.1937, M.S. Stranger, W. Williams, 1 specimen 

Remarks .—As the specimen was sterile, the placing of the species in the 
genus Crthnnopsts is somewhat dubious, but there is no objection to refer¬ 
ring the species to this genus except for the presence of pscudosphaerulcs, 
which I did not note in my description of Cr^mnopats stmtlta (l.c., 1021, p. 
166), the only known species. But, as in the genus Bunodaetts, in which 
pseudosphacrules sometimes occur, it is not surprising that they may be 
present in Cribrinopsta. In fact, at first I was inclined to identify the speci¬ 
men with atmilia, but, as the ncmatocysts were smaller, the tentacles con¬ 
siderably longer, thinner, and more papillose, and pseudosphacrules were 
present here, I think it is better to consider the present form as a distinct 
species. 

Family ACTINOSTOLIDAE 
Stomphia coccinea (O F. Mdller) 

Localitiea .—Off Codbora Bay, Victoria, British Columbia, 10 fathoms, 
hard bottom, 9.8 1937, M S. Stranger, W. Williams, 2 specimens; Hump¬ 
back Bay, Alaska, 56* 11' N , 131® 54' W., 15 fathoms, near shore, 19.8.1037, 
M.S Stranger, W. Williams, 1 specimen; Cleveland Passage, Alaska, 67® 
33' N., 133*30' W., 12 fathoms, rocky, 16 8.1937, M.S Stranger, W. Wil¬ 
liams, 1 specimen; Teller, Alaska, 65® 16' N , 166® 25' W , 6 fathoms, mud, 
some rocks, 11.7.1937, M.S. Stranger, W Williams, 1 specimen; 68® 30' N , 
169® 20' W., about 30 fathoms, fine gray mud, 7.7.1037, M.S. Stranger, 
F. E Lewis, 1 specimen. 

Most of the specimens were small. As to the determination of the last spe¬ 
cies I am somewhat uncertain. It is possible that it is a young Achnoatola. 

COMMENTS ON CERTAIN SPECIES OF JAPANESE ACTINIARIA 

Uchida (Sci.Rep.Tohuko Imp. Univ. (4), Biol., 13; 293 1938) refers BunO‘ 
daclta ateUa to Anthopleura, owing to the fact that the figure of this species 
given by Verrill, 1864, indicates the presence of marginal sphaerules. I have 
examined many specimens of ateUa from different localities and find no traces 
of such formations. Vorrill also refers the species to Bunodaetts. Unfortunate¬ 
ly, Uchida gives no notes about the nematocysts. The marginal sphaerules 
proper always are provided with atriehous nematocysts. If atrichs are ab¬ 
sent in Uchida’s A. ateUa, this species is probably identical with Verrill’s 
form; if the contrary, not. Uchida (l.c., p. 309) set up Eptaetts ritteri, de- 
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scribed by Torrey from Alaska, as synonymous with Epiactia prohfera 
Verrill. This is, I think, not correct. The si>ecie8 I called Cnidopua rtUert 
(Torrey), also taken on the coast of Alaska, is very different from prolifera 
and, as far as I can sec, is identical with Torrey's species; the nematoc 3 'St 
batteries at the base of Cntdopua probably consist of atrichs. It is question¬ 
able if Uchida’s Eloactta mazeltt (l.c., p 288) is identical with the European 
species. Some other species described by Uehida arc not referred to the right 
genus. AndvHikia hozawat is probably not Andvxikta, as it seems to lack 
tenaculi proper. Mthie-Edwardata edekeahi (Annot Zool. Japon. 13: 571. 
1932) is certainly not Mtlne-Edwardata but belongs to a new genus, if it is 
not identical with Dnllactta, the anatomy of which is unknown. Phellia de¬ 
cora (Annot. Zool Japon. 17:623 1938) is not a PhcUta but a Telmataciia (or 
possibly another genus previously descnlwd, see Stephenson, The Brihsh 
aea anemones, 1935, ancLCarlgren, Vct.-Akad Hand). Stockholm (3) 17: 
67-68.1938). Moreover, Tt raises the question as to whether the synonyms 
enumerated by Uchida of decora are correct. 

ZOOLOGY.— Notes on the morphology of Macrostomum ruebushi vat. 
schmitti.* J. Hayes, Jr., University of Virginia, and 

Frederick F. Ferguson, College of William and Mary. (Com¬ 
municated by Waldo L. Schmiit.) 

In October and November 1938, while investigating a pond and its 
spring source situated beside Charlotte Pike, Nashville, Tenn., one 
(quarter of a mile west of the intersection of Old Hickory Boulevard 
with the Pike, we discovered what appears to be a new variety of a 
turbellarian worm, Macrostomum ruebuaht var. schznitti. In this, the 
type locality, the variety, of which we obtained many specimens and 
studied about 50 mature individuals, was associated with Stenos- 
tomum vtrgimanum,S.tenuicaudatum, Dalyellta roast var. tenneaaeenais, 
Gyrainx hermaphrodtius, and unidentified species of Provortex and 
Geocentrophora, The new variety is named in honor of Dr. Waldo L. 
Schmitt, curator of marine invertebrates, U. S. National Museum, in 
gratitude for his kind assistance in our work upon Turbellaria. The 
cotypes are deposited in the U. S. National Museum as no. 20529. 

Description^ —Sides of the dorsoventrally compressed body subparallel 
for the greater part of the length of the Etnimal, without lateral indentations 
in the cephalic region, with slight gradual depressions marking off the 
spatulate tail; body colorless except for dark oyes and enteric inclusions; 

' Received September 6,1039 

* The name of this variety waa first published in the program of the Seventeenth 
Annual Meeting of the Virginia Academy of Soienoes at Danville, Va , p IK May 6, 
1939, without dmription. The characters of the vanety were discussed by Mr. Hayes 
in the paper that he delivered at that time before the Academy The present account, 
however, constitutes the first publication of the vanety 
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total length 1 to 1.7 mm Epidermis of flattencKl, usually pentagonal cells 
bearing an even coat of cilia 10 to 11/u long, Rhabditos, in groups of 1 to 12, 
distributed over the entire opidermis but most abundantly at the extremities; 
weak Rhabdiienstrassen present anteriorly, St&bchcn abundant, radially 
arranged about the female goiioixirc; rhabditcs 9.8 to 14ju long, 1 4 to 2 1m 
wide; Stkbchcn smaller Wltli groups of m^nsory hairs 30 to 50 m long and 
lacking basal spines distributed among the cilia laterally and posteriorly, the 
lateral hairs stoutiT than the* posterior ones; with semirigid spines 25m Itmg 
restricted to the anterior cephalic margin Paired cerebral ganglia joined by 
a broad commissure to form a crt'scent-shniwd “brain” located equidistant 
between the dorsal and ventral sides of the body Paired eyes approximately 
17m lu greatest diameter iinmediatidy b^'hmd and dorsal to the “brain.” 
Mouth iKiundod by ciliated lips located ventrally 145 to 190m from anterior 
end Pharyngeal ^ands directed laterally and then posteriorly, often ex¬ 
hibiting in fixed and stained material large eosinophilic vacuoles bounded 
by basophilic granules Enteron saclike, considerably lobed, ciliated, ex¬ 
tending dorsally above female gonoiwn^ almost to union of vosa defcrentia. 
Excretory system of two laterodorsal main-stems extending almost from one 
end of the b<jdy to the other and connected posterior to the rnah* gonopore 
by a commissure, main-stems with paired lateral branch(‘H including paired 
end-stems, which, at a level 100 or 130m behind the anterior end of the 
enteron, pass nu'sially and dorsally over the enteron and, coihng, end in 
pained dorsal openings flame cells with flagella about 10m long Testes 
obovaU', smooth, locatc^d laU»roventral and only slightly posterior to an¬ 
terior end of enteron Vas def(*rens extending caudally from each testis to 
posterior (»nd of ent(*ron and there uniting with its counterpart m entering 
the vesicula seminahs. False vesicula seminalis not observed Vesicula 
sominalis muscular, contractile, thin walled when filled with sperm, thick 
walliHl when empty Entrance from vesicula seminahs to vesicula granu- 
lorum guarded by a sphincter Vesicula granulorum with the proximal [Mirtioii 
ciliated, distal portion and the stiletto usually filled with granular ma- 

FJxfl 1-6 —MacroBtomum ruehuaht var BchmUix 1, Domal view of groMs anatomy, 
detail of epidermal Npines, detail of Hensory haira, detail of rhabditcs, and detail of 
flame cell; 2, male sex apparatus and two views of penis stiletie under varying pressure 
beneath the cover i^lass (scheme of measurement x^base, opening, s—total 
length), 3, normal, living sperm; 4, living sperm swollen by contact with water and 
three views of the bt>dy of the same sperm in different stages of movement: 5, longi¬ 
tudinal section through the testis, showing the condensation of the nucleus dunng the 
maturation of the spcnnatld, 6, somatic metaphaso chromosome plate 
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tcrial organised into bundles. Penis stiletto a conical tube housed in a muscu¬ 
lar tunic; the cuticular walls thickest near the base and there hardly a 
micron thick, capable of slight change of shape under pressure; the iMuse 
widened, highly crenate, the apex flexed at an wgle less than 00^ and with 
the opening lacking a distal lip or flange, termini on the convexity of the 
curve; average measurement* of base 18.5/x, of opening of total length 
62.9/i. Male gonopore approximately 65^ from the posterior end of body. 
Mature sperm cell highly mobile, 35 to 40 /a long, 3.5 to 4/« wide, composed 
of body and of tail provided with axial lament, body with two flagella 
about 20/a long extending lateroposteriorly from the anterior portion, pos¬ 
terior portion of body with a single, oblong, in life extremely hyaline granule 
about 2/a long, which after proper fixation always stains with Heidenhein’s 
hematoxylin, Gentian violet, and Feulgen reaction, none of which treat¬ 
ments stain the remainder of the ceil. Female genital system typical for the 
genus. Ovary about one-fourth as long as the body. Egg grayish. Female 
gonopore about 2(X)/a from the posterior end of the body. Chromosome num¬ 
ber, N>«3, 2N->6. Chromosomes, as fixed in Allen’s B^15 fixative, with one 
laige pair about 3/a long and the centromere submedian, one medium-sised 
pair with the centromere displaced slightly toward one end, and one small 
pair with submodian centromere. 

Dtffefenital dtagnoms —Penis stillette not distally enlarged, the proximal 
end truncated at right angles to the shaft and rrenated, the distal end ob¬ 
liquely truncated and with terminal opening not provide with a distal lip, 
the shaft with a sin^e flexure of less than 90° near the distal end and with a 
total length averaging 63/a; pharyngeal glands without striking pigmenta¬ 
tion; senso^ hairs 50/a or less in Icn^h; enteron extending well beyond the 
female genital atrium; mature sperm 35 to 40/a long and characterised by 
two flagella and by a single, nuclear-staining granule located in the posterior 
part of the sperm body. 

Remarks, — Macrostomum ruehuahi var. achmiiii possesses the specific 
characters of Macroaiomum ruehuahi Ferguson (1930) but is distinct from 
the species and its other varieties and from all other species of Macroaiomum 
heretofore described by the characters stated above m the differential diag¬ 
nosis as may be shown by comparing these characters with those set forth 
in the key to the genus in Ferguson (1939-1040). 
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* Obtained by the measurement under oil Immersion of a dosen mature apeolmena. 
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ZOOLOGY .—Studies on the egg-laying habits of the fairy shrimp.'^ 
John Lawrence Avery, George Washington University. (Com¬ 
municated by D. B. Young.) 

During the course of life-history studies on the fairy shrimp Evbran- 
chipus vemalis, certain data concerning egg-laying by this form were 
collected. It is the purpose of this paper to present these data. 

In the female shrimp the eggs pass anteriorly through ducts on 
each side of the body until they come to lie in the brood pouch, which 
is a conspicuous sacliko appendage located on the ventral surface of 
the female just posterior to the last pair of phyllopods. Located within 
the brood pouch is a horizontal paddlelike structure, pivoted at the 
center, which is in continual motion as long as eggs are present in the 
pouch. Its function is apparently that of keeping the eggs well aerated. 

When they first enter the brood pouch the eggs are small, light- 
gray spheres. After a day or more they become almost twice as large 
and assume their final light-brown color. At the time of egg-laying, 
all the mature eggs in the brood pouch are expelled. Of all the shrimps 
under observation, only one (shrimp 6) expelled small, gray, appar¬ 
ently unfertilized eggs. 

All the shrimps used in the experiment were of the same species, 
E. vemalis, and were collected from the same pond. Whenever possi¬ 
ble, immature shrimps were selected to ensure the collection of all 
eggs laid during the life of the individual. Because of the difficulty 
of obtaining suitable food, large numbers of these young shrimps died 
before reaching the egg-laying stage. Only those that laid eggs are 
considered. For comparative purposes, several young mature shrimps 
were used. The mature and immature were separated on the basis of 
size, development of the clampers in the male and of the brood pouch 
in the female, and on general appearance. That these criteria were 
sufficient was later shown by the fact that within eight days after 
isolation all shrimps classified as mature had laid eggs. 

In practice, one male and one female shrimp of approximately 
the same size were placed together in a 500-cc beaker containing 
either filtered pond water or conditioned tap water. Preliminary 
trials indicated that a temperature of 50‘*-68*’ F. was satisfactory for 
egg-laying. All shrimps were therefore kept within this temperature 
range. 

The eggs, being heavier than water, sink to the bottom of the 
beaker. Examinations were made at frequent intervals and any eggs 


* Received September 11,1039. 



32 


JOVBNAL or THE WABHINOTON ACADBHT OF BCIBNCBB VOL. 30, NO. 1 




Jan. 16, 1940 avert; Eaa-i.AYiNa habits or fairy shrimp 


33 


found were removed with a pipette and counted. The results are 
shown in table 1. 

These results show definitely that in E. vemedis the eggs arc not 
retained in the brood pouch until released by the death and disinter- 
gration of the female, as has been reported for some shrimps. Neither 
have there been any cases observed in which the eggs hatched while 
retained within the brood pouch.* Unsuccessful attempts were made 
to hatch the eggs immediately after they had been laid. However, 
the writer has observed eggs laid in March hatch in November. 

Six distinct depositions of eggs were laid by one female shrimp 
(shrimp 11) during the period between March 18 and April 20. An 
average of three batches of eggs was laid by each of 14 shrimps. The 
average number of eggs laid by each shrimp was 41.7 with approxi¬ 
mately 14 eggs a laying. In the group collected as mature shrimps, 
females laid an average of 13.75 eggs a batch. In the group collected 
as immature shrimps the corresponding figure was 14.1. While there 
was no significant difference in the number of eggs to the batch, the 
individual shrimps in the group collected as mature specimens pro¬ 
duced more batche.s, resulting in a greater average number of eggs to 
the individual. The greatest numlier of eggs laid by a female at one 
time was 51 (shrimp 29). However, during the spring of 1938 a ma¬ 
ture shrimp was collected that laid 118 eggs during a 24-hour period. 
Another shrimp collected during the same season laid 165 eggs in 
two batches over a 5-day period. Such variations are probably caused 
by environmental factors. 

* Mobuan, a H Pteld hook of panda and ttreanta 448 pp 1030 Putnam'a, 
New York 
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ORNITHOLOGY .—The starling's family life and behaviors.^ H. A. 

Allard, Wa»hington, D. C. 

In many parts of the United States and Canada the introduced 
starling {Stumus vulgaris) has become one of our most familiar and 
abundant birds. While it is generally conceded that this bird is 
highly versatile and adaptive in its behavior, there is much to learn 
considering the daily activities of its summer family life, and the 
various manifestations of its gregarious life throughout the winter¬ 
time. 

In February, 1920, the writer erected at the end of his bam an 
observation box, so constructed with a glass top in a darkened attic 
that one could at all times observe intimately every behavior of the 
parent birds and the young within, since the eyes of the observer 
were brought within 7-8 inches of the nest. This box was furnished 
with an entrance hole slightly over If inches in diameter, to admit 
the starlings readily. This is a matter of some importance since 
starlings can not pass a hole H inches in diameter, which is suf- 
hciently large for the entrance of bluebirds. 

The following account Ls based mainly upon behaviors revealed by 
a pair of starlings which appropriated this observation box. 

THE NEST 

The starling is primarily a cavity-nesting bird. Old previously 
used nesting sites are preempted usually by the same pair of starlings 
throughout the season. Even throughout the wintertime the parent 
birds hold their respective boxes and, when not engaged in hunting 
food, spend the hours from dawn till dark fighting off meddlesome 
intruders of their kind, all the while indulging in their usual native 
loquacity and varied mimicry. 

In February and March, or even in January, the starlings renew 
their nesting activities with an attendant increase in the power and 
variety of their vocal mimicry and expressions. They begin a very 
active inspection of the boxes and carry out and discard much of the 
old nesting material. 

The new, clean observation box erected for them was quickly 
appropriated, and nest building began in March. Material, including 
mostly straw and grass stems, together with a few feathers, was 
very leisurely carried in by both sexes. 

From the outset, the site of the nest depression itself was indicated 

^ Received October 26, 1039. 
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by a circular space bare to the bottom of the box, which elsewhere 
was covered about an inch deep with a mat mostly of dead grass 
stems and leaves. The circular space remained bare, neatly and care¬ 
fully surrounded by the nest foundation, which was built up around 
it. As this mat became deeper, the depression itself finally received 
a layer of fine grasses and some feathers, to constitute the final nest 
hollow destined for the reception of the eggs. 

From time to time both birds added an occasional straw or feather 
to the nest even long after the young had appeared. Occasionally a 
green leaf was brought in, a behavior that is indulged in by a number 
of birds, more especially by the larger birds of prey, but the purpose 
of this green material i.s not well understood. 

Throughout all the procedure of nest-building the male worked 
as diligently and as devotedly as the female, for the starling’s home 
activities involve an unfailing cooperation between the sexes at ail 
times. 

INCUBATION AND BROODING 

Five eggs were laid, but the exact dates of laying were not deter¬ 
mined. Following laying the male was quite as punctilious and faith¬ 
ful in the incubation of the eggs as the female. 

The carrying of food to the brooding parent by its mate was never 
observed at any time. This would seem quite unnecessary since both 
parents share equally in the work of incubation and brooding. When 
one leaves the nest the other is usually entering and at once takes its 
place. 

Frequently one or the other parent has arrived at the box entrance 
and expressed its desire to enter with food. The bird within, however, 
maintains its claim to the nest and not even its mate can enter until 
it has left. 

On April 21 four of the five eggs had hatched, one delaying hatch¬ 
ing until April 22, and this belated bird was destined by these fateful 
circumstances to become the runt of the family. 

While the fledglings were very young and helpless the mother star¬ 
ling, alone, brooded them at night. The male was never seen to do 
this, although during the day he was quite as solicitous of the family 
and did his full share of brooding at every opportunity. While the 
birds were very tiny and naked and temperatures were low, the brood¬ 
ing impulse was much more persistently shown. Later, as the young 
birds became larger and covered with feathers, they were left at night. 

When brooding took place, the parent bird settled down over the 
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young, always with the same characteristic procedure. This is done 
with a gentle sidewise wiggle into the final rest position. It would 
appear that this allows a better adjustment of the little birds to the 
parent’s body, and is practiced by both male and the female. 

FEEDING THE YOUNG 

As previously stated, four eggs were hatched on April 21, and one 
on April 22. The young remained in the nest just 21 days. During 
this period development was rapid, from tiny, naked, blind, tottering 
mites of life to practically fully grown and feathered adults. This ne> 
cessitated continuously changing adjustments on the part of the 
parents in supplying food to the young, in the sanitation of the nest, 
in brooding, etc. 

Feeding began st once, both birds bringing in tiny caterpillars and 
other insects usually one at a time. These were usually crushed or 
macerated and very deftly and always very gently tucked into the 
tiny gaping throats. It was obvious that the parents seemed to realize 
that the tiny nestlings were in a helpless stage and required very 
dainty and gentle handling. 

As the birds increased in size, there was a noticeable increase not 
only in the size of the caterpillars and spiders brought to them, but 
these were gathered by beakfuls, not singly as before. This change in 
the manner of feeding came about rather suddenly after the young 
birds were 6-7 days old. There was also a marked change in the 
manner of feeding, the very gentle profferings of the first few days 
giving place to more hurried and less solicitous jabs down the throats 
of the growing birds. There was of necessity a very evident speeding 
up of the entire round of family attention, involving more frequent 
visits with food, larger beakfuls, larger insect material, until finally, 
when the birds were half grown, hard-shelled June beetles, mulberries, 
and other bulky material were fed in a very impetuous manner. 

Even after the young birds are fuUy grown and have left the nest, 
the starling families do not appear to disintegrate for sometime. 
Although the young birds are well able to glean their own food, they 
may frequently be seen following the hard-worked parents around 
beseeching food. At such times it is not unusual to see the parents 
feeding them in the trees or on the lawns. 

NE8T SANITATION 

It is obvious that where there are helpless young birds some degree 
of sanitation must be practiced so long as they remain in the nest. 
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This apparently becomeH one of the f^reat probleniH of the Htarling 
in the restricted room of their boxes and cavities. However, they 
make every effort to keep their young m a cleanly condition, and aa 
the young themselves tiecome older, they, too, become imbued with 
a sanitation impulse, which expresses itself in movements to or be¬ 
yond the rim of 'the nest to deposit their excrement. The extent to 
which nest sanitation succeed.s depends upon many factors, such as 
the industry of the parents, their mutual cooperation, the size of the 
nest box, the character of the food, the season of the year, tempera¬ 
ture, etc. In very small crowded quarters, nest sanitation becomes 
much more difficult than in an airy, roomy box such as the writer’s 
observation box. 

Fecal deposition liegan as soon as feeding took place, and as the 
alimentary canal became filled the act almost regularly followed the 
feeding reaction. Both parents carried the fecal matter away, search¬ 
ing very circumspectly among the young for such material, picking 
up even the smallest particles. On a very few occasions this excre¬ 
ment was eaten, but this seems to be a very uniLsual behavior on the 
part of the starlings. The parents seemed to be (juickly aware of fecal 
deposition and even appeared to watch a suspicious bird in the ex¬ 
pectancy of this act, oftentimes, after each feeding. 

Throughout the entire day, food was brought in usually with every 
visit, and excrement carried out on leaving. Only rarely did a parent 
bird enter without food or leave without fecal material. It was inter¬ 
esting to observe that w'hen a parent bird brooded, it was instantly 
aware of the deposition of feces beneath it, probably from the feel 
of this extrusion upon its feet at times, and straightway it looked 
beneath and bore it away, to return quickly with food. 

The starlings are early risers, and when the female had remained in 
the box at night to brood the very young birds, she left them at very 
early dawn even before it was light enough for her to seek food. 
However, during this pre-feeding period she busied herself industri¬ 
ously by carrying out fecal matter that had been deposited during 
darkness. Likewise in the evening, when the dusk had put an end to 
feeding operations, both birds continued to carry out fecal material 
so long as they could see. 

At first the young were too weak and helpless to do more than 
defecate in the nest. Within four or five days from hatching, however, 
they began to evince a tendency toward nest sanitation of their own 
initiative. The young birds were making efforts to reach the side of 
the nest and scrambled over one another to take this position. After 
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the sixth day many depositions took place at the very edge of the 
nest, and very soon these were placed beyond and well away from the 
nest rim. This tendency finally became an impelling mood, and near 
the beginning of the third week of their existenee the young had es¬ 
tablished a defecating zone far beyond the nest and toward the open¬ 
ing of the box. This is shown in Fig. 1. The actual factors that 
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Fig 1 —Sketch showing the deposition of the feces in a well-marked fecal zone 
outside the starling's nest at the beginning of the second week of existence by the 
voung nestlings It is evident that attention to personal cleanliness and nest sanitation 
nas arisen in the behavior of the young birds in the course of their rapid development 
With the strength and control of the muscular system has come a conscious or sub¬ 
conscious psychic mamfestation of sanitation, working most admirably in the direction 
of comfort and economy of the family association 


determined the location of this zone are not known, but there is 
strong reason to believe that orientation was associated with the 
entrance hole and was dependent upon light or temperature condi¬ 
tions or both. Whatever the correct explanation, it is obvious that 
the young themselves, as soon as they were able, w'ere governed by 
a sanitation impulse, and the adoption of this fecal zone greatly 
simplified the labors of the parents and resulted in better nest 
sanitation. 

MAKING THE BED 

From the time the young appeared, and until they had become 
almost independent of the nest, the parent birds concerned them- 


Jan. 15, 1940 


ALLARD: STABUNO’s FAMILY LIFE 


30 


selves very much with the making up of the nest, as it seemed. This 
operation was performed with equal attentiveness by both parents. 
The parent stood astride the nestlings or among them and jabbed 
its beak everywhere deep down beneath their frail little bodies, 
evidently poking holes into the consolidated mat, perhaps to aerate 
it or to hasten drying. Whatever this procedure meant to them it 
was done very frequently and thoroughly and with such vim that 
one wondered how the tiny nestlings escaped being injured at times. 

This shaking up of the bed was also performed by the brooding 
mother during the night, when she remained with the young for the 
first few days after they had appeared. Oftentimes at dawn when 
she finally left the box to feed or to seek food for the young, it was 
evident that the nest had been entirely remade during the night. This 
was shown by an obvious deepening of the nest bed and a bringing 
in of new and clean straw material and feathers from the mat within 
reach. 

As one or the other of the parents has taken its position over the 
young birds to brood them, it has more than once been seen to reach 
out and seize a straw and poke it beneath its body. At other times it 
has picked up a loose feather and dropped it over its body so that it 
fell loosely over the head or body. Such material probably sooner 
or later falls into the nest and constitutes a new and clean lining. 

REACTIONS TO EXTRANEOUS MATERIAL 
INTRODUCED INTO THE BOX 

During the writer’s study of the starlings’ family life, ^ arious ex¬ 
periments were carried out. When the parents had gone, a great 
variety of material was dropped into the box, ineluding pieees of 
flowers, green leaves, green shoots, bits of banana, fragments of 
paper, ehewed wads of paper, wood shavings, prune seeds, and such 
animal material as May beetles, snails in the shell, cutworms, chrysa¬ 
lids, and angleworms, all of which had been immobilized by crushing 
to prevent their escape. Likewise small straw'berries were dropped 
into the box. Much of this constituted the normal material fed to 
half-grown birds. 

The green leaves were scrutinized critically but were usually al¬ 
lowed to remain, together with such material as small pieces of paper 
and dry wood shavings. All other material, of whatever nature, in¬ 
cluding May beetles, strawberries, etc., even though constituting the 
natural food when brought in by the parents, was unhesitatingly 
discarded. Such material as paper, bits of leaf material, etc., that 
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could be incorporated into the nest appeared to pass as nest material 
and was allowed to remain. Food substances of w'hatever nature, 
however, appeared to fall into the category of waste material com- 
parable to fecal matter and were usually very promptly discarded. 

Strangely enough, if the parent bird dropped an insect morsel 
while attemptmg to feed a young bird, it invariably picked this up 
and offered it again. On the contrary, insect material found in the box 
or nest was never directly fed. In one instance a roach dropped into 
the box was quickly carried out by the returning male, and when he 
reappeared he offered a ground roach to the young. Whether this 
w’as the same roach previously dropped into the box can not be 
c-stablished, as these insects were sometim&s brought to the young. 

The placental structure of a large green pepper with the seed 
attached was dropped into the box in the absence of the parents. 
This object was nearly a.s large os the entire dimensional size of the 
young. It was casually inspected by the first bird to enter the box 
but was untouched. However, when accidentally knocked into the 
nest by one of the parents returning later with food, it was finally 
carried out of the box, but not without some effort owing to its weight 
and bulkincsB. 

SOCIAL KGLATION6HIPB 

The Btarlings at all times are more or less gregarious in their 
relations. Even when the family burdens of the summertime break 
up their great winter aggregations, they remain friendly to one 
another and never entirely lose the helpful social spirit. Unlike many 
other more individualistic and independent birds, they appear to 
evince no definite territorial claims and forage and feed wherever 
they choose, oftentimes together. 

The starling is very largely a ground feeder. As it scrutinizes the 
grass and ground debris it has a very characteristic habit, peculiar 
also to the grackle and perhaps to various other blackbirds. As it 
thrusts its beak into the grass and ground debris, it spreads the 
mandibles apart with every thrust, either to enlarge the hole its 
beak has made or perhaps to feel with its tongue. Whatever the 
purpose of this behavior it is an invariable racial trait. The starling 
never scratches in the ground debris as do the chewink and many 
sparrows and never tosses the loose debris about with its beak as does 
the brown thrasher. 

Although the starling is preeminently a gruimd feeder, preferring 
law’ns and open fields for its foraging, it is inordinately fond of mul- 
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berries and very readily distinguishes the ripe black fruits from the 
red green ones. To this degree its color sense is highly developed. 

In the wintertime when the gregarious mood has reached its height, 
the flocking impulse is a marked feature of all its behaviors. It flies 
from its city rendezvous to the country to feed by day, and returns 
in the evening, often aggregated into enormous flocks, whose preeise 
and synehronized maneuverings are marvelous to behold. 

In the wintertime the starlings are wont to feed m similar forma¬ 
tions, which move very systematically over a field as the birds vralk 
along. However, with their keen insight those in the rear of the for¬ 
mation realize that the new territory just ahead of the advancing 
front line is likely to afford the choicest morsels. These then con¬ 
stantly arise and fly ahead and descend to become in their turn 
briefly the front line, for they too, will soon be replaced by others 
flying up from the rear. Thus the foraging flock moves along 
smoothly, partly by walking and partly by flight, enabling all the 
members to have their chance in the .scrutiny of new ground, which 
otherwise would be denied thase always remaining in the rear. 

The starlings cling very tenaciously to the boxes and nesting sites 
they have preempted and will fight almost to the death any inter¬ 
lopers of their owm kind, or even other birds. The writer once found 
a pair of females locked so tightly together by beak and claw, as the 
result of a combat, that bot h birds lay helpless in the box, and when 
picked up could only be disengaged with much effort. How long they 
hud lain thus is not known. 

In the writer’s trees the flickers fought bravely to oust starlmgs 
from their boxes, but they were no match for their smaller and more 
agile adversaries. On several occasions a flicker struck at a starling 
with great force, but his blows were too slow and deliberate to reach 
his more active enemy. On several occasions the starlings showed 
tendencies to gang up against the larger bird and were frequently 
seen to cling tenaciously to their feathers in their attacks. 

The story was entirely different with the little screech owls that 
nested next door to the starlings. The latter never ventured into the 
owls’ quarters, although on several occasions the little owrls at dusk 
w'ere seen peeping into the starlings’ homes. In spite of their hatred 
of the owls, both birds carried on their economies in close proximity, 
but it was plainly obvious that the starlings merely accepted the 
inevitable quietly, since there was nothing else to do. 

Occasionally a small hawk appeared; then the starlings became 
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Fig 2—Time of dAwn arriv'al of the starlings at Lyon Park, Va 1929-30, in relation to the sunnse curve 
(E S T ) and temperature at time of arnval Broken line shows the normal daily mean temperature at Washing¬ 
ton, D C , for 49 years 
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alert and even gathered into bands and flew about ready to persecute 
it with their disconcerting maneuvering.s. 

During the summer when the female remained with the tiny young 
at night, the males appeared to roost nearby in pine trees. Later when 
neither parent remained w'ith the young birds, the males and females 
appeared to repair to their respective roosts somewhere near at hand. 
In autumn, when the flocking urge is at its height, both parents, 
apparently still mates throughout the winter season, fly to and from 
the city where they spend their nights. 

The time of leaving the nesting box at night and of the arrival at 
dawn depends upon the factor of light intensity, and these curves 
follow closely the curves for the seasonal time of sunrise and sunset 
(Figs. 2-4). During the winter season, however, those light intensities 
that send the birds to roust are far higher than those that drive 
them to roost in summertime, as if they were very loath to leave their 
young. It is highly probable here, however, that w'e have marked 
seasonal differences in physiological sensitivity of the eye to light, 
owing to the very different hormonal organization expressing itself 
at the two seasons. 

DiBcnsaioN 

We have followed some of the more striking behaviors of a family 
of starlings from the t.imc of nest building to the maturity of the 
young birds and the final abandonment of the nest by these exactly 
21- 22 days from the hatching of the eggs. It is evident that there are 
many outstanding behaviors in the starlings' life history concerned 
with nesting, incubation, feeding, and .sanitation that arc of much 
interest. 

In the first place, a remarkably close cooperation between the male 
and the female obtains in all the essential activities connected with 
the preparation for and the raising of the family. 

The male aids in nest building, incubates the eggs, feeds the young, 
and attends to the cleanliness of the nest with as much interest and 
punctiliousness as does the female. There appears to be one phase of 
duty, however, that he does not normally assume. The female, alone, 
appears to remain with the tiny, helpless young for the first few nights 
of their existence. 

The writer has heard it stated that starlings are filthy birds, but 
this can not apply indiscriminately to all starling parents. It is prob¬ 
ably nearer the truth to say that starlings do their best to maintain 
clean nests for their families. 
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Fig 8 ' Mo4hn time of arrival of the etarliogs at Lynn Park, Va , derived from the 
data of 1929 and 1980 The two-year temficrature mean at the time of arrival is also 
shown The correlation between sunritie and the two-year mean for the first arrival for 
the yeara 1020-80 as obtained was 0 062 ± 0 000 The correlation between the two-year 
mean of first arrival and the two-year temperature moan was found to be ^0 482 ± 10 
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Should one or the other parent die, there is every reason to believe 
that the remaining parent would assume the care of the family to the 
best of its abilities. In such an >3vent it is probable that the usual 
degree of cleanliness of the nest could not lie so successfully main¬ 
tained as when two conscientious mates were working industriously 
toward the same end. 

Nest sanitation is a real necessity for the health and comfort of the 
young birds, and many factors must modify the degree of success 
attained, one of no small importance being the roonune.ss of the cavity 
holding the nest. 

It is obvious that the young themselves very soon evince tendencies 
toward cleanly habits, which has finally expressed itself in the adop¬ 
tion of a definite fecal zone entirely without the neat. We have, here, 
the foreshadowing of the localized or latrine concept, w'hich some 
animals have evolved to a high degree. 

Where sanitary conditions have not been maintained, for one 
reason or another, conditions may become so filthy as to cause the 
death of the young birds In one instance a young bird that had left 
its neat nearby was scarcely able to use its legs from the enormous 
thickness of the excrement dried and accumulated upon them. It 
required much effort and washing to free this bird of its filth, and it 
w'ould probably have died had it remained in its befouled condition. 
It is not known what causes were responsible for this. 

It has not been determined whether unattached birds—one may 
call them widows, spinsters, or bachelors—ever enter into the care of 
a starling family, where one or both parents die. It seems probable 
that this may occur, however, for on several occasions when the 
legimitate parents of the family under observation were away, strange 
starlings have occasionally appeared at the box entrance to peep in 
curiously. These are quickly driven away when the parents arrive. 

One of the most striking features of starling behavior is the rigid 
observance of carrying out all introduced material, food or otherwise, 
that has been dropped into the box. It would appear that all extrane¬ 
ous matter not brought in by the parents themselves, even though 
it may be acceptable food, is treated as if it belonged in the category 
of excrementitious material. 

Some biologists would explain all the niceties of adjustment and 
accomplishment we have observed as an example of a tram of mech¬ 
anized integrated behaviors from which there was no escape. The 
writer feels that we can not talk too dogmatically on this point. At 
times there seems to be some element of experienced judgment in 
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operation as much as anything else. It is obvious that rarely has there 
been any useless, accidental behavior shown, all behaviors operating 
smoothly, rapidly and progressively to meet in a timely manner, all 
the needs and adjustments demanded by a rapidly changing develop¬ 
mental cycle. 

The writer does not feel qualified at the present time to say what 
moods in these behaviors are consciously reasoned and what are 
purely mechanical, to l>e dogmatically referred to reflexes, tropisms, 
or whatnot. Even we, in our highly civilized moods, at times show 
many instances of mechanized, stereotyped behaviors that have no 
longer logical meaning for the situation, as when we cling to archaic 
procedures simply because they are sanctioned by custom or habit or 
had become legal usage long ago. 

A study of the starlings’ behavior and family life indicates a very 
high order of bird intelligence throughout and a close attention to all 
pha.ses of the family welfare. It is evident that the intimate under¬ 
standing and cooperation of the two parents in ail the stages of 
preparation for and the care of the family have helped to make the 
starhngs highly adaptive and successful birds wherever conditions 
are favorable for their .survival. 

PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

THE ACADEMY 

COHMITTUE ON CATALOQINO SCIENTIFIC SOCIETIES OF WASHINGTON 
AND DEFINING QUALIFICATIONS FOR AFFILIATION 

As its meeting on November 10, 1939, the Board of Managers received 
and accepted a report from a eonimitteo, consisting of C P. Clausen, 
F. M Defandorf, W D Lambert, J E. McMurtrey, Jr , and W T. 
ScHALLER (chairman), deabng with the cataloging of the scientific societies 
of Washington and the definition of the qualifications of a society for affilia¬ 
tion with the Academy 

To be eligible for affiliation the given scientific society, association, or club 
must be concerned with natural science, with the social, economic, or lus- 
torical sciences, or with any phase of engineering; must bold its meetings 
within an area that includes the District of Columbia and the territory lying 
witliin 25 miles of it; must have a membership of whom the majority reside 
within the area indicated; must have a re^ilarly constituted organization 
with elected officers; must concern itself primarily with the search for facts 
and truths rather than with the popularization or commercial exploitation 
of them; and must have at least an effective nucleus of members actively 
engaged in pure or applied scientific research who control the policies of the 
society. 

The list of scientific societies, associations, and clubs reported by the pres¬ 
ent committee, which completed work begun by an earlier committee of the 
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Academy, includes (1) regularly organized bodies that hold their meetings 
within the District of Columbia or the territory ] 3 dng within 25 miles of it, 
(2) local sections of national societies and associations, (3) national societies 
that have their headquarters in the indicated area, and (4) scientific organ¬ 
izations affiliated with universities and colleges in the given area Tht* list 
IS printed here with a request that readers will please notify the editors of 
the Journal of appropriate corrections or additions* 

Academy of Medicine of Washington 

Agricultural History Society 

American Anthropological Association 

Amencan Association for the Advancement of Science 

American Ceramic Society, Baltimore-Washington Section 

American Chemical Society 

American Engineering Council 

American Fisheries Society 

Amencan Forestry Association 

Amencan Gtenctic Assoeiatiun 

Amencan Geophysical Union 

Amencan Horticultural Society 

Amencan Institute of Archiic'cts 

*Amencan Institute of Electncal Engineers, Washington Section (1912) 
Amencan Institute of Mimng and Metallurgical Engineers, Washington 
Section 

American Ins Society 
American Nature As^ciation 
American Orchid Association 
Amencan Ornithologists* Union 
Amencan Pharmaceutical Association 
American Phytopathological Society 

Amencan Society of Agncultural Engineers, Washington Section 
Amencan Society of Civil Engirieers, District of Columbia Section 
American Society of Heating and Ventilating Engineers, Washington Si'C- 
tion 

*Amencan Society of Mechanical Engineers, Washington Section (1923) 

Amencan Society of Metals, Washm^^on Chapter 

American Society of Naval Enginoi'rs 

Amencan Statistical Association 

Amencan Therapeutic Society 

Amencan Welding Society 

*Anthropological Society of Washington (1898) 

•Archaeological Society of Washington (1902) 

Association of Military Surgeons of the Unitinl States 
Association of Official Agricultural Chemists 
Baird Ornithological Club 
•Biological Society of Washington (1898) 

•Botaiucal Society of Washington (1902) 

Catholic Anthropological Conference 

•Chemical Society of Washington (Section of the American Chemical 
Society) (1898) 

Chemists' Club (Georgetown University) 

Colonsts, The 

•Columbia Historical Society (1899) 

* Affiliated with the Academy. Date indicates year of affiliation 
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District of Columbia Dental Society 
District of Columbia Homeopathic Medical Society 
District of Columbia Optometric Society 
^Entomological Society of Washington (1898) 

Genetic Club, The 

•Geological Society of Washington (1898) 

•Helminthological Society of Washington (1923) 

History of Science Society 
Horological Institute of America, Inc 
Insecticide Society of Washington, The 
•Institute of Radio Engineers (1933) 

Maryland State Horticultural ^ciety 

•Medical Society of the District of Columbia (1898) 

Metropolitan Section of Model Engineers, Inc. 

National Academy of Sciences 

National Aeronautic Association of the United States of America 
•National Geographic Society (1898) 

Paleontological Society of Washington 
Patent Office Society 
Pctrologists' Club of Washington 
•Philosophical Society of Washington (1898) 

Pick and Hammer Club 

Society for Expcnmental Biology and Medicine 

Society for Philosophical Inquiry of Washington 

•Society of American Bacteriologists, Washington Branch (1923) 

•Society of American Foresters, Washington Action (1904) 

•Society of American Military Engineers (1927) 

Society of Automotive Enginc^ers, Inc., Washington Chapter 

Society of Woman Geographers 

Washingtou-Baltimore Psychoanalytic Association 

Washington Biologists Field Club 

Washington Camera Council 

•Washington Society of Engineers (1907) 

Wild Flower Preservation ^ciety 

William Beaumont Medical Society (George Washington University) 

COMMll'TEE ON CERTIFICATE OP AWARD 

The Commitiei' on the Certificate of Award of the Academy, consisting 
of H. B. Humphrey (chairman), B Y. Morrison, and R. E. Snodgrass, 
reported to the Board of Managers on December 1, 1939, concerning a suit* 
able certificate of award to be granted to the recipients of the scientific 
awards recently established by the Academy. The committee was instructed 
to proceed with the proviHion of the certificates 
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BOTANY .—Naming molds} Charles Thom, U. S. Bureau of Plant 
Industry. 

I owe an acknowledgment to this Society for rehabilitation as a 
botanist. The office I am laying down tonight was my first elective 
position in a botamcal society. I gave up a graduate assistantship un¬ 
der Atkinson at Cornell to turn dairyman in 1904, and that spoiled 
heresy to some. In that period, I once joined the crowd outside the 
dining room door at the Annual Dinner for all Botanists. Some one 
presented me to one of the elect who looked at me rather sharply and 
said, “I don’t remember any Thom as a botanist.” I replied, “All 
right, call me a dairyman.” He answered, “Oh, then I do know you!” 

I never found out who he was and have always wished I had made 
sure of his name. I should like to meet him right now'. 

When I left Cornell, I was assigned to the mycological phases of 
producing certain varieties of cheese already recognized as ripened by 
molds. My knowledge of molds was vague—I was superficially ac¬ 
quainted with a few Mucorini, and w’ith one or tw'o bright-colored 
Aspergilli; I was vaguely conscious of the general appearance of Pem- 
cillium and a few more of the common genera. I knew nothing at all of 
the technological task that I had acquired. Professor Atkinson had 
written the recommendation. He was frank about it; he a.s8ured the 
appointing power that he knew nothing about the project, neither did 
Thom, but that he had more work already than he could do, whereas 
Thom needed the job and had brains enough to fill it. No superlatives 
appeared (I have read the letter). I thanked him and reported for 
duty. You will readily understand that you are attending a kind of 
confessional or experience meeting where the confessor has spent 
some 35 years working with molds. 

AN INDUSTRIAL MYCOLOGIST 

Thus 1 became an industrial mycologist. I entered a field in which 
existing mycological literature was mostly useless and in which the be- 

^ Address of the retiring president of the Botanical Society of Washington, Decem-i 
her 6, 1039. Received December 6, 1039. 
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ginner was left to feel his way among materials, factory processes, 
ripening conditions, and biochemical aims, all unknown to him and 
only vaguely known to his fellow workers who were dairymen, bac¬ 
teriologists, and chemists. In some groups of botanists, my status as 
apostate was quickly evident. It was several years before 1 dared to 
face a botanical club, point to a distinguished ecologist in the room, 
and say, “1 am an ecologist—just as much as my friend over there. 
The only difference is that I make the environment for my organism 
while he goes out and hunts for his.” Academically, then, an indus¬ 
trial mycologist must be an experimental ecologist, and the user of 
ecological studies quickly learns that sound taxonomy is the essential 
background of ecology. Failure in the correctness of identification of 
the components of a plant formation in the field destroys the value of 
a report. 

Nevertheless, as a beginner I was about in the fix of the rookie 
cavalryman who had never learned to ride but reported to the top- 
sergeant for training in horsemanship. That hard-boiled individual 
blurted out, “What? Never been on a horse before! Fine! Here is a 
horse that’s never been ridden. You two may begin together.” 

Professor Atkinson was right—none of us had more than the va¬ 
guest idea of the task before us. When we went to the literature it 
paralleled closely a fellow-worker’s characterization of the German 
literature about sauerkraut—“it was very extensive and not worth 
reading.” Many cheese-ripening practices were described in countries 
of origin as “rule-of-thumb” procedures in which clinuitic or other fac¬ 
tors supplied conditions often not defined even in the worker’s 
mind, but actually necessary to success. However inadequate the 
available technological descriptions, the mycology was worse. 

The molds present in the cheese industry were not difficult to iso¬ 
late. Rigid preliminary survey did not leave many doubts as to which 
were significant. Verification involved technical problems that re¬ 
quired, years of experiment after the organisms were recognized. But 
when I started to find out what was already known about those molds 
I was in trouble. 

My connection with the taxonomy of saprophytic hyphomycetes 
began at that point and has since led me in many directions. Some of 
this experience will be discussed here. If at any point I may seem to 
generalize, please remember that the title of this paper is just “Nam¬ 
ing Molds”—not “Systematic Mycology”—however widely I might 
be tempted to apply my ideas. 

Why give Latin names to those wretched little molds? I can not 
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answer, fundamentally, but 1 can make the trite observation that the 
human mind works that way. The objects one meets get named. If 
we are to understand each other then, we must be able to find out 
what the names used by our fellows mean. Thus far the reasoning is 
purely practical. For illustration, I once ran across a doctor of philoso¬ 
phy to whom the word butter meant apple butter; if you meant the 
stuff made from cow’s milk, it was necessary to call it cow’s butter to 
make him understand. And he took a job in the dairy! A name then, 
to be useful, must be an accepted designation for a very definite 
thing. 

Mold information, whatever its value, is indexed under the Latin 
names of the molds themselves. And sometimes it is not very de¬ 
pendable. For illustration, one very up-to-date practical and modern 
journal in a perfectly proper technical article, published a new spe¬ 
cies name and description a few years ago for a mold so well known 
among culture men that nobody but the author and the editorial 
committee could possibly have failed to have met it before. Since it 
was new to that writer, he had burst into print with his one and only 
new species. Judged by the tables of contents, that joutnal puts no 
limitation upon the rotten practice of the “discovery” of an organism 
new to the “one-project worker” who thereupon prepares a descrip¬ 
tion based upon his own lack of contact with the literature of the 
group and sends it forth to plague all .subsequent students with the 
addition of another synonym, or, upon the equally obnoxious practice 
of collecting all the miscellaneous organisms occurring in connection 
with a special problem, labeling as new species all those that the 
sender does not know and sending them to a specialist to identify, 
always reserving the right to describe any organism that the specialist 
verifies as new. Such men, not being mycologists, escape the ban. 

Let us get back to our cheese molds. The technological writers had 
copied Latin binomials from the books, with confidence, and added 
the describer’s name in each case. PemciUxum glaueum link, P. candi- 
dum Link, P. album Preuss, and several other molds were listed with¬ 
out question marks. When I searched the cheese literature to find out 
how they had sorted out names and fungi, I was driven to believe they 
did it by Fisher’s method—“at random.” 

Then I tried the mycological literature to see what the names had 
originally meant. I worked paper by paper back to Preuss (1851), 
then back to Link (1809). I went on back to Micheli (1729). Many be¬ 
lieve that Micheli intended PenicUlia by one of his figures, but it is 
too doubtful to trouble us now. 
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PENICILUUM 

There is no question about Link’s generic idea of Penidllium, but 
there is no evidence as to which actual species he had when he de¬ 
scribed cither P. glaucum or P. candtdum. One man’s guess is as good 
as another’s—or as Link’s (yes, or Brefeld’s), for that matter. Link 
did not know his P. glaucum from any one of 100 green molds. Fifteen 
years later he put the whole green lot together and called them all P. 
glaucum, which was designated “the common green mold’’ in the 
fourth edition of the Species plantarum (1824). And the idea crops up 
yet, after more than 100 years! 

Occasionally some one raised a doubt about a universally distrib¬ 
uted green mold that grows upon and in everything, but the name 
was convenient; it satisfied the pedantic requirement for a Latin bi¬ 
nomial to be applied to material that people were not willing to study. 
All local fungous floras report it. TTie popular writers accepted P. 
glaucum as the green mold, chemists took it up and tested “its’’ activ¬ 
ity against every kind of substratum and reagent. With probably a 
hundred green species to pick from, ai random, each was able to ex¬ 
pand the range of biochemical activity reported. Naturally with dif¬ 
ferent agents, contradictions crept in and raised controversy between 
individuals, but the popularity of P. glaucum was not abated—the 
mistake was always charged against the worker. Penicilhum glaucum 
was sacred to the shades of Link and Brefeld. 

A LIVE PROBLEM 

I might go on and tell more of the story of nomenclature in Peni- 
cillium and Aspergillus, but all that has been published—and the in¬ 
dexes arc good. Suppose I shift to a problem of nomenclature that is 
worrying a whole group of men today, and hang a general discussion 
around it. 

I'hese men work with human mycotic diseases; they have had ex¬ 
perience in the great laboratories of the world; they have excellent 
instruments and refined technique; they have access to literature. 
From a series of rather horrible lesions on perhaps 60 patients living 
in widely separated places, they have isolated a number of strains of 
mold with certain characters in common and differences that offer a 
chance for individual judgment in classification. Between 1915 and 
1939 these cultures have been assigned to about a dozen genera even 
though it is doubtful if there are really more than three species. These 
men disagree among themselves. I have been asked several times to 
express an opinion as to which is the proper name, but I hardly expect 
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any of them to accept my conclusion. The real question, however, is: 
Why is there so much disagreement when the descriptive data are not 
only readily established but in fact generally conceded? 

A sketch of the nomenclatorial situation is necessary. 

In 1015, a medical worker in Boston described a skin disease but without 
very definitely naming it. From the lesions studied he isolated a fungus that 
he decided belonged to an undescribed genus and species: Phtalophora ver¬ 
rucosa Medlar 

In 1920, A. PedroBO and J. M Gomes, working in SAo Paulo, isolated a 
similar organism from cases of Chromoblastomycosis. They accepted the 
same name, P verrucosa, which has since been commonly cited as originated 
by Thaxter 

In 1921, Bnimpt decided that the Sfio Paulo fungus was not Medlar’s 
organism but another species lie called Trtchosponum pedrosot Brumpt. 
(Bruinpt worked for a period in Brazil about that time.) 

In 1922, Brumpt, having rostudied the old literature, resurrected Bonor- 
den’s generic name, Hormodendrum, and changed the name to H, pedrosot. 

In 1922, Terra, Torres, da Fonseca, and Areo de Leao, m Rio de Janeiro, 
called the same organism Acrotheca pedrosot (Brumpt) T. T. dc F. and L. 

In 1928, Ota distributed material under the name Trichosportum pedro- 
eianum but later decided not to publish that species name. 

In 1929, Langeron (Ota and Langeron collaborated about that time) again 
assigned Ota’s mold to Trtchosponum pedrosot (Brumpt, 1921). 

1930, da Fonseca and Arco do Leao again published the name Acrotheca 
pedrosot 

In 1935, Dodge resurrected the name Gomphtnana from Preuss's 1851 
paper and moved the species to that genus. 

In 1936, Negroni proposed another new name, Fonsecaea, calling the 
fungus F, pedrosot (Brumpt) Negroni. 

In 1937, Moore and Almeida, after collecting and comparing strains, 
added thr^ more generic names for the variations encountered, basing the 
usage upon the presence and combinations of spore-bearing structures 
These names are Botrytoides, Hormodendrotdes, and Phtaloconidiophora 

In 1939, L. Briceno-Irragorry proposed another generic name, Camonia, 
with C. p^rosoi (Brumpt) as its typo species, arguing that this genus should 
include the organism of Chromoblastomycosis in South America. 

CADOPHORA 

In the field of forest pathology, Lagerberg, Lundberg, and Melin 
(1028) found species with the sterigmatic cups, which characterize the 
genus Phtalophora, upon woody materials both in America and Swe¬ 
den. They proposed the generic name Cadophora for those forms with¬ 
out recognizing their essential identity with Phialophora. More re¬ 
cently morphological and serological comparison of materials from 
human and forest sources in culture (Conant, Martin) supports the 
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identity of these genera, hence Cadophora, 1928, gives way to Phialo- 
phora, 1915. From the epidemiological point of view, however, Em¬ 
mons (personal communication) finds grounds for belief that human 
infections find their inoculation in spores or mycelium from the plant- 
inhabiting fungi rather than from those upon fellow humans. As far 
as cases have been studied, man-to-man communication seems to 
have been excluded; hence he holds that we must search in the field 
among fungi growing upon vegetation for the strains responsible for 
ca.ses of Chromoblastomycosis in man. 

If further field study proves that these organisms are members of 
species regularly found upon decomposing plant remains, occasional 
infection of an individual human by spores or myceha from such plant 
material docs not warrant the establishment of cither a genus or a spe¬ 
cies for that organism as a parasite. Many of these strains have grown 
well for me on sterilized plant material. This supports the view that 
search for them by culture from field samples offers a hope for solving 
some of these problems. Miscellaneous observation of great numbers 
of colonies of this dematiuceous series in connection w'ith soil and food 
microbiology shows quite general growth at 37° to 38° C.—a condi¬ 
tion usually regarded as a prerequisite to parasitism of warm-blooded 
animals. 

HOIIMODENDRUM OR CLADOSPORIUM 

The identification of (.hese fungi from human lesions as congeneric 
at least with saprophytes or parasites of plant material turns our 
quest for nomenclature back to such older names as Hormodendrutn. 
Bonorden (1851) dLstiuguished his genus Hormodendrum from Clado- 
sporium of Link (1816) by only one tangible character. Link had re¬ 
ported the spores of Cladosponum as 2-cellcd. Bonorden described the 
spores of his genus us 1-celled and transferred to it four species de¬ 
scribed by Corda as Pentctlha but without personally seeing any of 
them, then added some “Penictllia” described by Fresenius, making 
a few disparaging remarks about Fresenius (1851). Two years later 
(1853) he clarified his ideas of Hormodendrum by actually describing 
one from fresh material {H. airum). He left little doubt as to the gen¬ 
eral morphology of his mold. 

Bonorden in his discussion clearly admitted that his material may, 
at least in part, have already borne the name Cladosportum. Among 
mycologists familiar both with specimens from the field and with the 
molds in culture, the 1-celled or 2-celled condition of the conidia is 
found utterly unreliable; hence the identity of Hormodendrum with 
Cladoaponum has been quite generally conceded for 50 years at least. 
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As a consequence, application of the rules of nomenclature relegates 
Hormodendrum to synonymy. 

Although Link’s description of Clcuioaporium is no more definite 
than the other abbreviated Latin diagnoses of that time, the general 
nature of his material appears to have been recognized and the infor¬ 
mation handed down through continuous usage in the mycological 
laboratories and collections of his own and succeeding generations of 
workers. In this way his concept became more definite than Demalium 
herbarum of Persoon, which he believed to be the same material. 

HISTORY OF CLADOBPORIUM 

Before 1816, Link had assigned such forms as Demaltum herbarum 
of Persoon to Acladium in 1809, after presumptively satisfying him¬ 
self that they should be separated from the other species left in De- 
maiium. Later he must have looked at them more carefully and con¬ 
cluded that they should be excluded from Acladium (branchless) and 
put into a genus whose name pointed to the distinctive character, 
branching (dados) spore chains. The code of nomenclature w'e use 
today for these groups of fungi begins to apply the priority rule with 
Fries’s Syaiema mycologtcum (1921-1932), rather than the previous 
publications of Link, Fries, or Persoon. Up to that time such arbi¬ 
trary changes as we find in Link, Persoon, or even Fries merely furnish 
background for understanding the conditions under which the usages 
we have today were developing. CJadosporium is definitely recognized 
by Fries; hence it is valid. 

CLADOBPORIUM OR BOMB BEOREOATE 

If, then, our reasoning is correct, these fungi isolated from Chromo¬ 
blastomycosis must be assigned to Cladonporium unless adequate 
characters are available to separate some one or more of the scries into 
one or more other genera. Without repeating details, I have already 
noted that the more careful workers agree that all the strains in ques¬ 
tion are closely related, at least (Emmons and Carrion, 1936). 

In seeking lines for separating the series, describers have empha¬ 
sized three kinds of spore production. All agree on the observation of 
some strains predominantly producing the Cladoaponum or, to use 
their term, Hormodendrum type of spore chains: i.e., a more or less 
complex system of branching chains in which the newest cells or spores 
are constantly developing on the tips of the branches. They equally 
agree that other strains show progressive reduction of the branching 
system toward the ultimate simplicity of clusters of primary spores 
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aggregated rather densely about the clavate ends of the fertile h3rphae 
(suggesting Botrytis to Moore and Almeida). Only an occasional in¬ 
dividual cell in these groups develops a short series of buds of the 
Cladoaporium type—some of them call this the Acroiheca type of spore 
formation. The fact of progressive reduction but never complete re¬ 
duction, from the complex Cladosportum type of branching chains 
toward the Acrotheca type, leaves the homologies definite and readily 
recognizable. 

PHIALOPHORA MEDLAR* 

In contrast, the third type of fruiting structure is that described 
for Phialophora. Medlar figured hyphae with black or brown walls 
upon which directly or on short branches, singly or clustered, basal 
or sterigmatic cells develop. These cells termed by him phialids have 
firm brown to black walls and contract abruptly near the tip into 
spore-producing tubes, which then abruptly flare to form cups or 
cupules also with heavy brown walls. Colorless, thin-walled spores 
develop successively within the bases of the cups and tend to adhere 
about the tips in more or less sticky masses or spore balls. My state¬ 
ment is one of observation that they develop there but not how they 
are formed. 

This structure is known to many mycologists from its presence in 
other series of imperfect fungi. In some species it is reported to be 
functional in connection with producing the ascosporic phase of life 
history. Outside of appearances in lesions, the life histories of the 
fungi of Chromoblastomycosis are entirely unknown; hence these 
cupules are for the present merely additional morphology, which can 
be used in diagnosis. Some species or strains show them regularly, 
some under limited conditions, while they arc not known in other 
strains. 

In culture. Miss Margaret Church and I studied the *‘Cadophora” 
type of structure from decaying plant materials at least 15 years ago. 
I have examined an occasional culture from pathogenic sources. 
Finally Dr. Emmons passed me 20 cultures from his collection, in¬ 
cluding transfers of strains received from Dr. Morris Moore as rep¬ 
resenting Phialocontdiophora, Hormodendrum, and Botrytouies. 1 have 
kept them in petri-dish and test-tube cultures for at least two months. 
It requires no imagination to find colony differences perhaps justify¬ 
ing separation into species, but essential similarities arc equally ap- 

' Not Thaxterl Even though Medlar acknowledged eonaultlng Thaxter, he took en¬ 
tire reaponubili^ for the naming and description of hie species. Citation of the species 
as P. verrusosa Thaxter is common but unauthorised by any rule. 
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parent. I can find no reason for separating them widely. I can not 
agree that they should be placed in different genera. 

Then how about selecting a generic name from the available dozen 
and putting them into it? The objection is raised that particular 
names are based upon the presence of particular types of spore forma¬ 
tion, while in the cultures these do not always satisfactorily corre¬ 
spond with any one of the descriptions. If the group of strains from 
human sources appears to be too homogeneous to place in separate 
genera, as I think, the priority rule settles the question without 
further debate. Phialophora verrucosa of Medlar was certainly one of 
the series and was described first. A generic name once established 
loses its etymological limitation and becomes the designation of an 
aggregate rather than a unit or single species. Medlar’s organism 
would be the type species. His generic description would need emen¬ 
dation, but that is readily furnished. Such a separation appears to be 
justified by the preponderance of observations to date and should be 
broadly enough established to include some at least of the ‘Cado- 
phora” series described by Lundberg, Lagerbcrg and Melin, and 
others. The student of this “Cadophora" series upon vegetation and in 
culture is sufficiently impressed with its contrast in colony and spore 
producing characters in comparison with the ^‘herbarum” lot in 
Cladosporium to be unwilling to as.sign them to Cladosponum; hence 
he would choose the alternative of broadening the generic diagnosis of 
Phialophora to cover the series showing these common characters un¬ 
til further life history studies determine real relationships elsewhere, 
if any. In other words, as I see it, the well-established saprophytic 
series "Cadophora’^ determines the placement of the vagrant mem¬ 
bers of that series which arc found here and there throughout the 
Western Hemisphere as the cause of Chromoblastomycosis in indi¬ 
vidual humans, each time apparently de novo. 

EFIOBMIOLOaiCAL ARGUMENT 

Epidemiological isolation of these cases clearly disposes of any ne¬ 
cessity to recognize the parasitization of the individual human as 
justifying the separation of the causal organism, as isolated from the 
patient, generically or specifically from the inoculum that produced 
the lesion. Each organism isolated from such a lesion is to be con¬ 
sidered merely a stray member of a species abundant in another en¬ 
vironment. Such an occurrence is not essentially different from 
growth in a petri dish, which frequently diverges in superficial char¬ 
acters from the colony as seen in nature. In this series, then, the imag- 
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inary wall between fungi growing on vegetation and as fungous para¬ 
sites of man has broken down. As in many other biological situations, 
the idea of sp>ecificity which limited organisms to particular and nar¬ 
row biochemical roles proves to be false. 

BACK TO BIBLIOGRAPHIC HISTORY 

Having illustrated my topic by proposing an answer to a specific 
question, I must now go back and discuss the broad aspects of my 
task—naming molds. The causes of such controversies as I have just 
described lie back in the history of mycology covering the past 200 
years. The original mycologists were essentially microscopists—lab¬ 
oratory examiners of material, who applied rapidly evolving micro¬ 
scopic methods to the description of specimens collected by them¬ 
selves or others. 1 am sorry to express the conviction that there are 
many today who go little farther in their examination than Link or 
Persoon even though with better microscopes and more adequate 
literature they can not avoid seeing more. 

THE FIRST 100 YEARS 

If we follow back the descriptions of molds to MichcU (1729) we 
find that he separated the half dozen or so molds that he called Asper- 
giUm (rough headed) as yellow, white, green, black, etc. There were 2 
or 3 Asperigilli, probably a Penicilhum or two, or some Mucors among 
them. Color seemed to him all he needed for separation. By the be¬ 
ginning of the nineteenth century, Persoon and Link, with a larger 
scries of molds to separate, had raised the requirement to 3 or 4 lines 
of Latin. Their figures clearly indicate that their microscopes were low 
in magnification, but their descriptions and figures seemed adequate 
to men who had only a few forms to separate but did not help the next 
fellow who had only a few, but a different few. Details of structure 
and cell arrangement were not seen and were not thought necessary. 

Corda (1830-1840) went a bit farther—^he had a better microscope 
and figured individual cells, but their origin and relationship were not 
even considered among his recorded data. Corda could draw nice 
pictures-^the only trouble with them has been that no one else has 
ever been able to find anything like his pictures of some of these eva¬ 
nescent molds, however valuable his drawings may be in other groups. 

By 1850 Montagne concluded that most of these old descriptions of 
delicate fungi were entirely unlntcrpretable. 

These men were busy naturalists—explorers of the new domain 
opened up by the compound microscope. Their colleagues were clam- 
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oring for information. Collectors in distant lands piled the tables of 
Linnaeus, Persoon, Link, Fries, Berkeley, Cooke, and the rest with 
unknown specimens. What wonder that each described in hasty terms 
everything that came or matched it briefly against his predecessor’s 
briefer description, then identified or separated it and passed it into 
his collection. Unfortunately, most of these speeimens of the more 
delicate fungi kept even under the most eareful management quickly 
dried up, separated into powder, and disappeared. Verification from 
type specimens is thus impossible. 

CULTURE ENTERS THE CONTROVERSY 

Culture did not appear m the mycologieal literature until the time 
of deBary, about the 1850’s, and was not used seriously for descriptive 
purposes before van Tieghem in the 1860*8 and Brefeld in the 1870’s. 

Brcfcld did a prodigious amount of work, but he also was an artist 
as well as a mycologist, so that one who studies his figures with a 
hand lens finds that he established an interpretation in his mind, then 
covered the paper with diagrammatic drawings that often tally with 
the idea more closely than with the material under his microscope. I 
am not undervaluing Brefeld as a pioneer. He did much, but as to de¬ 
tails be left much undone, and we must not hesitate to correct mis¬ 
takes incident to method and equipment. 

There w’as a parallel development of mold culture in France in the 
laboratories of Raulin, van Tieghem, Bainier, Cueguen, and others. 
Both groups of pioneers tended to assume that every form found was 
new, that the number of species was small; hence fragmentary de¬ 
scriptions run from one line to ten in length, without enough compar¬ 
ative work among groups of congeneric species to develop the dis¬ 
crimination between fundamental and ephemeral characters. 

EXPANDING THE DIAGNOSIS 

Technological mycology, as far os molds are concerned, i.e., the 
controlled utilization of particular and definitely known molds in ac¬ 
complishing biochemical processes, began to appear in the literature 
in the 1800’s. By the 1890’s, a number of such processes were fairly 
well recognized. Sopp and Wehmer, both students of Brefeld, made 
extensive studies of Penicillia and Aspergilb in connection with in¬ 
dustrial problems. Again, the items included in an adequate descrip¬ 
tion were greatly increased. 

In this period (1860-1800) culture as a basis of description was 
deemed satisfactory if a colony was obtained by any procedure. Data 
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from such a colony were regarded as information accessory to the 
study and description of natural masses presumed to be typical but 
were not included in diagnosis of the species. By 1890 some efforts 
were made to insure the purity of the colony. In the succeeding decade 
(1890 to 1900) species diagnoses based on colonies grown on labora¬ 
tory media began to appear, limited to saprophytic molds. The sub¬ 
stratum upon which the colony had been originally found continued 
to hold the key position as “habitat,” which might mean much or 
nothing, according to the care with which the natural situation was 
studied and described. Many still consider designation of the place 
where the original specimen was obtained to be the only proper habi¬ 
tat to be cited. Unfortunately the habitat-substratum very commonly 
means only that the first gross inoculum was found there, not that 
the organism isolated was specifically active upon that substratum. 

DEMANDS OF “APPLIED MYCOLOGY” 

Thus far the methods and descriptive practices applicable to the 
molds used in industrial work were not differentiated from those of 
general mycology. The exacting demand for molds with specific 
adaptability to important biochemical uses began to be felt in the 
1890’s. Wchmer took out patents about 1893 for the manufacture of 
citric acid, using Citromyces as the fermenting agent. By 1905, he ad¬ 
mitted that he thought at first that there were only two species, 
whereas he had now found that there were not less than six and he did 
not know’ which was which. Now we know there are many more. 

Industrial use calls for exact information as to the biochemical pos¬ 
sibilities of each mold. Culture media and conditions must be de¬ 
scribed with such definiteness that experimental work can be re¬ 
peated and checked by analysis. Species must be described in terms 
sharp enough to insure identification. 

Green Aspergilli are not adequately covered by the name Asper¬ 
gillus glaucus nor all green Penicillia by P. glaucum. Means must be 
found to make species more tangible than rough aggregates held to¬ 
gether by one or a few vague adjectives. The number of genera and 
species have increased beyond the wildest dreams of the early mycolo¬ 
gists. In the effort to produce descriptions that will insure identifica¬ 
tion, species diagnoses have become progressively detailed and com¬ 
plicated. An extreme case may be cited: Strains of a great group were 
collected for many years. In working them over the monographer 
first developed punctilious notes as to the culture reactions of his 
whole series upon about half a dozen selected media. While making 
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these notes, he preserved colonies of each species in alcohol. After the 
biochemical record was completed, a mount of each species was made 
with extreme care and a plate of drawings representing that species 
was prepared. When all the plates were finished, he prepared his 
Latin diagnoses by describing the structures and variations depicted 
in his plates! Then the accumulated mass of data was sorted out to 
species, pieced together, and published. This is one illustration in con¬ 
nection with a monograph, purely academic in character. In practical 
fact, there are many unrecognizable species among those described in 
detail within the last few years, and by all of us! WHY? 

UMNTERPRETABLE DESCRIPTIONS 

There are several reasons for failing to identify species from de¬ 
scriptions. There is little agreement as to just what characters are 
fundamental to genera and to species, and which are incidental varia¬ 
tions representing direct response to environment. Great stress has 
has been put upon numbers and measurements of parts or detaib of 
branching systems. Large numbers of spores have been measured to 
the fraction of the micron, then the totals averaged or statistically 
analyzed to the fraction of a micron. As a result, emphasis upon un¬ 
important details has often claimed the users’ attention while the 
fundamental information escaped. 

ESSENTIALS OF DIAGNOSIS 

A safe description requires the exact identification of the culture 
substratum, of the biochemical effects of the culture upon that sub¬ 
stratum, and correspondingly a series of observations of the organism 
itself upon that substratum. 

Purity of culture is essential. The presence of bacteria, Adtnomy- 
cetea, or other molds often alters colony characters. Different con¬ 
taminants produce different alterations; hence entire elimination of 
other organisms is essential. Unfortunately, there are quite well- 
known laboratories from which cultures consistently show mites, as 
well as molds or bacteria. One is compelled to believe that some 
workers have never yet seen mites, recognized their ravages in cul¬ 
ture, or distinguished the characteristic smell that usually betrays 
their presence. 

More important yet, actual relations and sequences between cells 
arc fundamental. New cells may be formed by fission: The older cell 
is cut into equal halves; or, they may bud out at one of a dozen places 
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and in one of a dozen ways. Chains of spores may arise by budding 
so that the newest cells arc always farthest from the basal cell or sporo- 
phore. Unbranchod chains commonly arise from a basal cell—always 
showing the distal cell as the oldest while the newest cell is attached 
directly to the basal or sterigmatic cell. Again, this observation is 
fundamental. 

A description of a ripe spore mass as a mass, or, pulled to pieces and 
the pieces described as found, may miss completely the significant 
facts. Whole series of descriptions that disregard cell succession in 
spore formation are simply uninterpretable, except in species in which 
satisfactory material was preserved or which have been found iden¬ 
tifiable from some other line of observation. 

Finally, details of cell wall structure (as Jeffrey said about paleo- 
-botanical specimens) may furnish as many real clew's to relationship 
as the orthodox observation of sporogeiious masses. Whole series of 
Aspergilli and Penicillia show such consistent markings of the stalk 
u all that examination of the sporophore wall w'ith oil immersion ob¬ 
jectives furnishea the most useful, most general, in fact, most easily 
determined aeries character. 

But the nomcnclatorial sins are not all chargeable to dcscribers. 
The most striking lack among users of descriptive literature is in the 
appreciation of the cell relations involved in w'hatever structures they 
find. They fail to give proper consideration to cell contents, cell walls, 
their structure, color, and markings, to cell-succession in the forma¬ 
tion of the sporogenous tissue seen under the microscope, and to the 
methods of aggregation of spores shown by heads, chains, or discharg¬ 
ing mechanism. In other words, they fail to understand that identifi¬ 
cation of a mold is not accomplished by a superficial examination with 
a hand lens or with the low magnifications of the microscope. Exact¬ 
ing observation of the detail indicated in descriptive keys Is ordinarily 
guided by those same key.s. Failure to follow out definite instructions 
is hardly justifiable. 

In the more complicated groups, it is not just matching a culture 
at a glance against a list of names, but the integration of all that one 
can learn by painstaking examination against the literature and in¬ 
vestigations of perhaps 100 years. Into that investigation must go a 
first-hand knowledge of the life history of not one or two species but 
whole groups of species; it must include many years of observation in 
the field, controlled development in the culture room, and diligent 
reading in the library. 
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The need for care in establishing one’s right to use generic and spe¬ 
cific names can not be brushed away with a wave of the hand. 

I sat beside a well-known worker not long ago and heard him tell an 
inquirer, “Why bother about the name—select one of them, go ahead 
and study your organism, and let future systematists decide where 
your organism belongs I’’ That dictum may suffice for some folks I But 
it creates chaos when the industrial or technological scientist makes 
the wrong selection and puts a series of industrial or biochemical pa¬ 
pers about genus “X” and .species “Y” into the literature when he 
actually worked with genus “A” and species “B." Indexed that way, 
an error is often cited many times as a fact by workers who have no 
means at hand to protect themselves. This is no hypothetical dilem¬ 
ma. 1 can name instances. Men regularly ask me for cultures based on 
such papers. Sometimes I can guess what they want; sometimes 1 
have no idea why they make the request. Again I am sure they se¬ 
lected names at random. 

In direct controversion of the dictum above, I believe it safe to say 
that a critical cultural and microscopical study of saprophytic molds 
will in the vast majority of cases throw together into homogeneous 
groups the things that eventually prove to belong together even 
though exact relations among them can not always be predicted from 
the hyphomycete stage. 

To the industrial mycologLst who is confronted by a mold isolated 
from ^vhere you please- important or merely questionable—the prob¬ 
lem of what to call it is not theoretical, but practical. He should be 
able to examine the thing before him and reach some diagnostic char¬ 
acters that will lead to the correct literature of the species. In other 
words, however unimportant naming may be, as an end in itself, the 
descriptive and taxonomic problem must be solved before he can 
reach what his predecessors and perhaps his colleagues have written 
about the particular thing on the table. 

If you are to do technical work with a particular mold, the funda¬ 
mental dictum is; Know your organism by name and relationship, 
know it morphologically and physiologically, macroscopically and mi¬ 
croscopically—know it so well that if anything goes wrong, you will 
detect the abnormality and correct it or make an adequate record. 
That applies whether you are a mycologist, a pathologist, a chemist, 
a physiologist, or any other brand of specialist; the man who fails to 
know his organism thoroughly is helpless before contamination, 
losses, or replacements, which often destroy the value of the results. 
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SUMMARY 

I have tried to picture to you some of the problems of the “applied 
mycologist” who works with the so-called “co mm on molds.” As fac¬ 
tors in human affairs, they spoil man's food, mildew his clothes, pol¬ 
lute his storerooms, and even attack his body. He gets some return by 
eating a few of them and using others in controlled fermentations of 
many kinds. He can not escape from them—he must live with them. 
The alternative, then, is to know them—^individually, that he may use 
or combat the single species; as groups, that he may so compare and 
systematize his information that each item in it may contribute to 
arranged and ordered systems of knowledge. In a recent memorial to 
a great museum specialist, his services to mankind are listed as “(1) 
Scientific research, (2) Nomenclatural,” etc. One makes bold to say 
that there is fully as much reasoning exhibited in comparing, recon¬ 
structing, and classifying a fossil as in digging it out of a hillside. The 
one dictum that must not be forgotten is that no single item has per¬ 
manent value unless it represents the closest approximation to truth 
that can be reached by using all the means available. Any work, to 
be worth while, must be a rigorous search for truth. No bypath can 
be permitted to lure the worker aside for fancied results. If rigorous 
good faith in method, in performance and in interpretation are main¬ 
tained, usefulness from the results can not possibly detract from the 
purity of the science. It is not the “pot of gold” that pollutes; it is the 
method of getting it. It is true in applied mycology as everywhere else 
that “He that entereth not by the door into the sheepfold, but climb- 
eth up some other way, the same is a thief and a robber.” If the solu¬ 
tion of problems in human service makes our work applied science, 
then let us glory in the name. 
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CHEMISTRY.— Anselme Payen, diatingmahed French chemuA and 
pioneer inveatigator of the chemiatry of lignin} Max Phillips, 
U. S. Bureau of Agricultural Chemistry and Engineering. 

In these days when there is so much research activity on the chem¬ 
istry and utilization of lignin and cellulose, it is fitting that we pause 
and pay our respects to the memory of a man w'ho was a pioneer in¬ 
vestigator of the chemistry of these two substances and who is now 
virtually forgotten. This man, Anselme Payen by name, published 
the results of his investigations on lignin and cellulose about 100 
years ago. Although the percentage elementary composition of wood 
had previously been determined by Gay-Lussac and Thenard, Payen 
was the first one to attempt a separation of wood into its component 
parts. He treated wood with nitric acid and obtained a fibrous sub¬ 
stance, which was relatively resistant to this reagent. This substance 
Payen called “cellulose,” a term that he coined and introduced into 
chemical literature (Compt. Rend. Acad. Sci. Paris 8:61. 1839). He 
showed that cellulose had the same percentage composition as starch, 
and was apparently isomeric with it. He found that irrespective of its 
origin, cellulose had the same chemical composition, which could be 
represented by the formula C«HieOt and was apparently the identical 
substance in all plants. Payen also found that in isolating the cellulose 
he had to remove a substance or a group of substances, which had a 
higher percentage of carbon than cellulose. These substances Payen 
called “incrusting materials” (“fes matterea encruatanlea"), and he 
considered that the cellulose was mechanically incnisted or impreg¬ 
nated by them. These incrusting materials wore later (1857) designat¬ 
ed by Schulze as lignin, a term previously used by the botanist and 
plant physiologist de Candolle. The “incrustation hypothesis” of 
Payen was in the main supported by Schulze, although other inves¬ 
tigators, among them Erdmann, opposed Payen’s views. It is of in¬ 
terest, however, to point out that Payen’s “incrustation hypothesis” 
has in more recent years been vigorously supported by Wislicenus and 
by Freudenberg. 

Anselme Payen was bom in Paris, France, on January 6, 1795. He 
was the son of Jean Baptiste Pierre Payen and Marie Frangoise Jean- 
son de Courtenay. The elder Payen was educated at the College de 
Navarre in Paris, where he distinguished himself especially in philoso¬ 
phy and in the sciences. Through the insistence of his parents, how- 

‘ before the Divleion of History of CbeoUstry At the OSth meetiAg of the Amer- 
tun Chemiul Society held In Boston, Maas., Septembw 11 to 16, 1B39 Reuiv^ 
December 11,1939. 
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ever, he studied law and was for a time assistant to the procurator of 
the King for the city of Paris. This legal work, however, did not prove 
to his liking and in 1792 he established a factory at Crenelle, a suburb 
of Paris, for the production of various chemicals, chiefly sal ammo¬ 
niac. This enterprise proved to be quite successful, and we soon find 
him engaged in the production of other chemical substances, such as 
sulphuric acid, hydrochloric acid, borax, refined sulphur, soda, and 
gelatin. He also established at Vaugirard a factory for the production 
of sugar from sugar beets. This was then a new industry in France, and 
during the continental blockade of the Napoleonic wars the cultiva¬ 
tion of sugar beets and the extraction and refining of sugar therefrom 
were greatly encouraged by the French Government. 

Anselme Payen received his early education from his father, who 
was a strict disciplinarian and very early inculcated in his son the 
habit of systematic study, a characteristic he retained for the rest of 
his life. However, in order to get a thorough grounding in the sciences 
his father sent him to the ficole Polytechnique in Paris where he 
studied chemistry under Vauqeulin, physics under Fourcroy, and 
mathematics under Tr6mery. 

When young Payen was hardly 20 years of age his father placed 
him in charge of a plant for the refining of borax. This was then a rela¬ 
tively new industry in France for the Dutch virtually had a monopoly 
of the production of refined borax in Europe. The crude borax con¬ 
taining material was imported by the Dutch from the Orient and then 
refined by them. Young Payen conceived the idea of preparing borax 
synthetically from soda and boric acid, which was then obtained al¬ 
most entirely from the hot springs and lakes of Tuscany. Payen’s 
efforts were crowned with success, and in 1820 he placed on the 
market synthetic borax at one-third of the then prevailing price and 
thas succeeded in establishing a new industry in France. 

In 1820 Payen’s father died, and at the age of 25 years the young 
man had to assume full responsibility for the management of several 
factories established by his father. Including the factory for the pro¬ 
duction of sugar from beets. For the clarification of the sugar solu¬ 
tions vegetable charcoal, principally wood charcoal, was employed. 
This peculiar property of wood charcoal was first brought to the at¬ 
tention of chemists in 1785 by an apothecary by the name of Loivitz 
of St. Petersburg, Russia, although according to E. O. von Lippmann 
the decolorising property of wood charcoal was known as early as the 
fifteenth century to some of the German alum and saltpeter producers. 
However, this observation was apparently entirely forgotten. As al- 
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ready mentioned, among the chemicals made by Payen in his factory 
at Crenelle was sal ammoniac. This was prepared from the complex 
mixture of volatile substances obtained by the destructive distillation 
of bones and other products of animal origin. In the retort there re¬ 
mained a charred mass known as animal charcoal or bone char, which 
was then largely a useless by-product. Although Figuier of Montpel¬ 
lier in 1811 called attention to the decolorizing property of animal 
charcoal no application was made of this discovery until Payen got 
interested in this problem. Payen was motivated in this study by the 
double objective of improving the process of sugar refining, and of 
utihzing the animal charcoal. In a paper published in 1822, entitled 
“Theory of the Action of Animal Charcoal and Its Application to the 
Refining of Sugar,” Payen gave results of a thorough study of the de¬ 
colorizing properties of animal charcoal and pointed out that it owes its 
activity to the pieculiar shape and state of aggregation of the carbon 
in this material. He also showed that it had the capacity of removing 
certain salts from solution and thus facihtated the crystallization of 
the sugar. He also developed an apparatus, called a “decolorimeter,” 
for the determination of the decolorizing ability of various lots of ani¬ 
mal charcoal. This may be considered the first important scientific 
paper published by Payen. 

The credit for first using animal charcoal industrially for the refin¬ 
ing of sugar clearly belongs to Payen. It was as a result of his zeal and 
industry that the popular prejudice against the application of animal 
charcoal to the refining of substances used for human consumption 
such as sirup and sugar was overcome. In addition to thus improving 
the process of sugar refining, Payen's work resulted in establishing an 
important new industry, namely, that of animal charcoal production. 
We thus see that a product which had heretofore been entirely useless 
became the basis of an important new industry. Few sugar technolo¬ 
gists are today aware of the fact that when they decolorize their sugar 
solutions by means of animal charcoal they arc making use of a meth¬ 
od of sugar refining introduced more than a century ago by the 
French chemist Payen, now all but forgotten. 

Because of his work on sugar beets, Payen very early in his life be¬ 
came interested in agricultural chemistry, and in the application of 
science in general to the improvement of agricultural practices, an in¬ 
terest he retained throughout his long and useful life. In these days 
when we hear so much about the industrial utilization of agricultural 
products, it may be of interest to point out that Payen more than 100 
years ago not only advocated this very thing, but also made impor- 



68 JOUBNAL or THE WABHINQTON ACADBHT OF BCIENCE8 VOL 30, NO. 2 

tant contributions toward its realization. In a book he published in 
1826 together with Chevalier, entitled ‘Trait4 de la Pomme de 
Terre” (Treatise on the Potato), he described in considerable detail 
not only the preparation of various foods and feeding stuffs for human 
and animal consumption, including the production of sugar and sirup, 
but also the methods for the preparation of starch and alcohol from 
potatoes. Part of the results contained in this book were published in 
the Proceedings of the Central Agricultural Society of France in the 
year 1823 and in recognition of this work Payen was given a gold 
medal by that society. 

In the early part of the nineteenth century the need arose in France 
for the development of more economical methods of disposal of the 
carcasses of domestic animals that died of accident or of diseases of an 
epidemic character. Accordingly, in 1825 the Central Agricultural 
Society of France offered a first prize of 1000 francs for the most prac¬ 
tical and economical method for the utilization of the carcasses of 
these animals. In 1830 the first prize was awarded to Payen for his 
132-page memoir, which was published in the proceedings of the so¬ 
ciety for that year. There is a great deal of analytical data in this pa¬ 
per, which in many cases were obtained by methods devised by Payen. 
The method developed by him for the determination of nitrogen con¬ 
sisted in heating the sample to red heat and collecting the gaseous 
products in dilute sulphuric acid. While this did not, of course, give 
him all the nitrogen in the sample in the form of ammonia, it is never¬ 
theless of interest from the historical standpoint as it was the fore¬ 
runner of the Will and Varrentrapp method, where it is recalled the 
sample is heated with soda-lime and the ammonia collected. This was 
later superseded by the now well-known Kjeldahl method. 

The methods that Payen described for the utilization in industry 
and in agriculture of various products of animal origin have proved to 
be practical, and many of the processes now in use for the utilization 
of the by-products of the meat-packing industry can be traced to 
those described by Payen in his paper published more than 100 years 
ago. 

In 1835, at the age of 40, Payen gave up all active participation in 
the various manufacturing enterprises that he was interest^ in and 
accepted the position of professor of industrial and agricultural chem¬ 
istry at the T^ole Centrale des Arts et Manufactures in order that he 
might devote all his time to teaching and scientific research. In 1839 
in addition to his duties at the !l^ole Centrale he also accepted the 
professorship of applied chemistry at the Conservatoire des Arts et 
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The next 36 years of Payen’s life were undoubtedly the most fruit¬ 
ful of his entire career, judged from the many contributions of a fun¬ 
damental character he made to chemistry. He published about 200 
scientihc papers in various scientific journals such as the Comptes 
Rendus, Bulletin de la Soci£t6 d’Encouragement pour ITndustrie Na¬ 
tional, Annales du Conservatoire des Arts et Metiers, Annals de Chi- 
mie et de Physique, Annales d’Histoire Naturelle, Bulletin de la 
Soci£t6 Chimique, Journal de Chimie et M^decine, M^moires de la 
Soci4t6 Centrale d’Agriculture de France, Annals des Mines, and 
others. These papers covered a wide field of investigation and included 
such subjects as starch, dextrin, sugar, lignin, cellulose, bitumen, and 
various phases of agricultural chemistry including studies on plant 
and animal nutrition, the latter studies being conducted in coopera¬ 
tion with the famous agricultural chemist Boussingault. He also pub¬ 
lished papers in the field of inorganic chemistry. It was in connection 
with bis studies on starch that Payen together with Persoz discovered 
the enzyme diastase. The paper on starch that he published in 1836 
is remarkable for its clearne.ss and precision. He showed that starches 
obtained from different sources differed as to size, shape, and state of 
aggregation, but that they all had the same chemical composition. 

Payen had a practical turn of mind, and in the midst of his work on 
the purely scientific phases of chemistry he was always interested in 
the application of chemistry to industry, agriculture, hygiene, and 
medicine. 

Payen was a prolific writer of books on industrial, agriculural, and 
food chemistry, and many of his books became standard works of 
reference and were translated into English and into several other 
European languages. Special mention should be made in this con¬ 
nection of his “Trait4 de Chimie Industrielle,” in which Payen de¬ 
scribes in great detail the various processes then used in chemical in¬ 
dustry. Even the superficial reader of this book can see at once that 
its author was not a mere compiler, but rather one who has actually 
had many years of practical experience in the operation of the several 
processes described by him. In fact many of the processes there de¬ 
scribed were developed and improved by Payen. From the titles of the 
various books published by Payen one may get some idea of his ex¬ 
tensive knowledge and interests. 

The following is a list of his more important books (for a complete 
list of Payen’s books the reader is referred to H. C. Bolton’s ”A Select 
Bibliography of Chemistry,” Washington, 1893): 
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(1) Traits de la pomme de terre; sa culture, ses divers emplois dansles 
preparations alimentaires, les arts economiques, la fabrication du sirop, 
de I'eau-dc-vio, de la potasse, etc Paris, 1826. (Published with Chevalier.) 

(2) Traite de la fabrication ot du raffinage des sucres. Paris, 1832 

(3) Des engrais. Thikirie actuelle de leur action sur les plantcs principaux, 
moyens d’en obtonir le plus d’effet utilc. Paris, 1830. 

(4) M^moire sur I’anudoti, la dextrine et la diastase consideres sous les 
points de vue anatomique, chimique, et physiologique. Paris, 18—. 

(r>) Pr^is de chimic industriellc k I’usage des ^oles pr^paratoires, aux 
professions industrielles, des fabneants et des agriculteurs. Paris, 1840. 

(0) Pr^is d’agnculturc th<V)rique et pratique a I’usage des ^oles d'agri- 
eulture, des propn^taires et des fermiers Pans, 1861. (Published with A. 
Richard.) 

(7) Trait6 de la distillation des betteraves. Paris, 1864. 

(8) Trait<i complot dc la distillation des pnncipales substances qui 
ix'uvcnt foumir de I’alcool; vine, grains, betteraves, fecule, tigps, fruits, 
racincS, tubercules, bulbes, etc Pans, 1867. 

(9) Pr<k:i8 th^rique et pratique des substances alimentaires ct des moyens 
dc les am41iorer, de les conserver et d’en reconnaitre les alterations, 4th ed., 
Paris, 1865. 

According to Ostwuld most great men can be divided int9 two 
cla8.ses. Those who in their youth, that is to say between 20 and 35 
years of age, do their most outstanding work belong to the romantic 
type. Those who belong to the classical ts^pe are men who do out¬ 
standing work during their entire life. Payen clearly belonged to the 
latter class. 

Payen w’as a member of many scientific societies. He was elected a 
member of the Central Agricultural Society of France (La Soci6t6 
Centrale d’Agriculturc de France) in 1833 and was its permanent 
secretary for 26 years. He was elected a member of the French Acad¬ 
emy of Sciences in 1842. Among the other societies to which he be¬ 
longed may be mentioned I’Academie de Mddecine, Soci4t6 d’Encour- 
agement pour I’lndustrie Nationale, Soci6t6 d’Horticulture dc la 
Seine, and of the Council of Hygiene and Public Health. 

Payen served the French Government in diverse capacities, particu¬ 
larly as a member of various governmental commissions. He was made 
a Knight of the Tiegion of Honor by Charles X in 1828. Louis Philippe 
made him an officer of the Legion of Honor in 1847, and in 1863 Na¬ 
poleon III elevated him to the rank of commander. 

One of the characteristics of Payen was his intense patriotism, and 
for 40 years he served as commander of the battalion of National 
Guard of the town of Grenelle, where he made his home. 

In 1821 Payen married Zelie Charlotte M41anie Thomas, which 
proved to be a very happy union. There were five children in the 
family, four of w'hich, however, died in childhood and only one child, 
a daughter, survived him. 



Fxb. 16, 1940 


bwallen: new bpecibb of pariana 


71 


Payen’s laat days were greatly saddened by the disasters that 
France suiTcrcd as a result of the Franco-Pnissian War. In spite of his 
advanced age he refused to leave the city of Paris on the approach of 
the Prussian army and displayed a great zeal in the study of all prob¬ 
lems relating to the feeding of the besieged and famished city. On 
May 9, 1871, while attending one of the sessions of the Academy of 
Medicine he became ill and died three days later (May 12). Few of his 
friends and comrades were able to pay their last respects to this dis¬ 
tinguished savant, for those were the days preceding the establish¬ 
ment of the Paris Commune and civil war raged on the streets of 
Paris. He was buried in the cemetery at Grcnelle. 

The biographic material contained in this paper was obtained from the 
following sources: 

(1) Amer. Journ. Pharm (ser. 4) 1: 432. 1871. (Anon, obituary notice ) 

(2) Eloge biographique de M. Anselme Payen, by .1. A Barral, in M6- 
moirea Publics par la ^ci6t6 Centrale d’Agriculture de France, pp. 67-87. 
1873. 

(3) Flogc dc M Payen, by Aim6 Girard, in Annales du Conservatoire 
Imiierial des Arts et Metiers 9: 317-331.1873. 

A complete list of the scientific papers published by Payen can be found 
in the Catalogue of Scientific Papers, compiled by the Royal Society of 
London 


BOTANY .—Eight new species of Pariana. Jason R. Swallen, 
U. S. Bureau of Plant Industry.* 

Pariana is an anomalous genus of grasses that inhabits tropical 
forests and forest borders from Panama to Brazil and Peru. Because 
of the paucity of material in herbaria, the species have been con¬ 
sidered as rare. I'Tic author, however, in 1933-34 observed these 
grasses growing rather commonly in northern Brazil, in places even 
completely covering the ground over rather large areas. The inflor- 
escenccECarc frequently entirely hidden by the foliage, which may 
account for the earlier collectors overlooking them. Tutin* recently 
revised the genus recognizing 23 species. Since then, one has been 
described from Ecuador by Pilger.* The eight species herein described 
bring the total number to 32. 

Pariana nervata Swollen, sp. nov. 

Porennis; culmi uniformes e rhizomatibus crassis erccti, 00-130 cm alti, 
vaginae inferiores intcrnodiis longiorcs vel breviores laminis obsoletis, 
Buperiores intcrnodiis multo longiores foliosae, auriculatae, sparse fimbriat- 

* Received October 26, 1939 

* Rev%gton of the genus Pui^nn Journ Linn Soo Bot 50:337-362. 1936. 

* Notiibl. Bot Cart Berlin 14: 323. 1039. 
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ae, glabrae vel sparse pilosae; ligula 3 mm longa, tnincata; laminae 15-26 
cm longae, 4r-0 cm latac, acuminatae, infra scabrae, infloresccntia pendula, 
20 cm longa, 1.3 cm lata; spiculac masculac 6.5-8 mm longae, pcdicellis 
occultis, 3 mm longis minute pubesccntibus; glumac 5-6 mm longae. 1.5- 
2.5 mm iatae, 2-3-nerveB, abrupte acutae, scaberuiae, marginibus ciliaiis; 
lemma 6.5-8 mm longum, 3.5-4 mm latum, 6-nerve, subobtusum, scabrum; 
spiculae fcmineac uniscriatae; glumae 8 mm longae, 3-nerveH, acutac, sca- 
berulae, reticulatae; fnictus 6 mm longus apice scaber. 

Perennial, with leafy fertile culms; culms 90-130 cm tall, erect from rather 
short thick rhizomes; lower sheaths longer or shorter than the intcrnodes, 
the blades obsolete, the upper blade-beanng ones much longer than the 
intemodes, somewhat crowded, auriculato, sparsely fimbriate, glabrous or 
sparsely pilose; ligule 3 mm long, truncate; blades 15-26 cm long, 4-6 cm 
wide, acuminate, the lower surface scabrous, the up{)er glabrous; inflores¬ 
cence drooping, 20 cm long, 1.3 cm thick; Btaminate spikolcts 6 5-8 mm 
long, the p^icels hidden, 3 mm long, minutely pubescent; glumes 5-6 mm 
long, 1.6-2.6 mm wide, 2-3-nervod, abruptly acute, scaberulous, the margins 
ciliate; lemma 6.5-8 mm long, 3 5-4 mm wide, 5-nervod, sulK>btiise, sca¬ 
brous; pistillate spikelets in one row; glumes 8 mm long, 3-nerved, acute, 
scaberulous, reticidatej fruit 6 mm long, scabrous at the apex 

Type in the XJ. S. I<]^ational Herbarium, no. 1613658, collected at edge of 
forest, Mosqueira, near Bcicm, Fara, Brazil, June 15, 1034, by Jason R. 
Swallen (no. 4873). 

This species of Panana differs from all the others in the conspicuously 5- 
nerved lemma of the staminate spikelets 

Pazimna ovallfoUa Swallen, sp nov. 

Perennis; culmi 136 cm alii, basi dccumbcntes, vaginae infcrioreH elongat- 
ae intemodiis breviores laminis valde roductis, superiores iniernodiis 
multo longioros, glabrae, reticulatae, in ore sparse fimbnatac, ligula trun- 
cata 2-4 mm longa; laminae 17-24 cm longae, 6-7 cm Iatae, acuminatae, 
infra pubescentes, supra glabrae, petiolis ^8 mm longis glabris; inflores¬ 
ccntia pendula, 16 cm longa; spiculae masculac pediccllis 3 mm longis, 
pubescentibus; glumae 2 mm longae, l-2-ncrvc8, acutac, pubescentes, 
marginibus ciliatis; lemma 6-6 mm longum, 2 5-3 mm latum, subobtusum, 
dense pubescens; spiculae femincae 7 mm longae; glumae aequales, 3- 
nerves, pubescentes; lemma 6 mm longum, acutum, glabrum apice pu¬ 
bescens. 

Perennial; culms about 135 em tall, erect from a decumbent base, the 
fertile one leafy toward the summit, bladelcss below, glabrous; lower sheaths 
elongate, shorter than the intemodes, the upper crowded, longer than the 
intemodes, glabrous, reticulate-veined, occasionally bearing a few fimbriae 
at the mouth; ligule tmneate, 2-4 mm long, blades 17-24 cm long, 6-7 cm 
wide, the two uppermost reduced, narrowed toward the base*, acuminate, 
glaucous and pul^ccnt on the lower surface, green and glabrous on the 
upper, the petiole 5-8 mm long; inflorescence slender, drooping, 10 cm long, 
the whorls of spikelets distant, not overlapping in the lower port, gradually 
becoming more crowded towai^ the summit, but the staminate florets never 
obscuring the pedicels of the staminate spikelets in the next higher whorl; 
stagnate spikelets 5--6 mm long, the pedicels 3 mm long, pubescent, es¬ 
pecially at the base and on the margins; glumes 2 mm long, 1 mm broad at 
the base, 1 or sometimes 2-nerved, acute, more or less pub^ent, the mar¬ 
gins ciliate; lemma 5-6 mm long, 2.5-3 mm wide, subobtuse, densely pu- 
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besccnt; fertile spikelet 7 mm long; glumes thin, equal, 3-nerved, pubescent; 
lemma 6 mm long, acute, pubescent toward the tip, otherwise glabrous 

Type in the U. 8. National Herbarium, no. 1614216, collected in forest 
borders 36 kms north of Monte Alegre, Far&, Brazil, January 28-Febru- 
ary 1,1934, by Jason R Swallen (no. 3379). 

Panana ovalifoltum belongs to the Foltosae group in which the fertile 
culms are leafy. It is most closely related to P. lunaia Nees, which is a much 
smaller plant, about half as high, with smaller lanceolate rather than oval 
blades, which are broad and rounded at the base. 

Paiiana aurita Swallen, sp. nov. 

Perennis; culmi biformes, erccti vel basi decumbentes. Culmi atonies ad 
80 cm alti in parte superiore foliosi, scabri, vaginae inferiores internodiis 
multo breviorcs, supenores internodiis multo longiores, carinatae, auricu- 
latac; hgula 8-15 mm longa; laminae 15-28 cm longae, 3.5-5.8 cm latae, 
acuminatac vel subattenuatae, glabrae vel scaberulae, petiolis crassis, 7-10 
mm longis, pubescentibus. Culmi fertiles grociles, 50 cm alti, glabri; vaginae 
internodiis longiores lammis obsoletis; hgula eurta; mflorescentia 12 cm 
longa, gracilis, pendula; spiculac masculae 4 mm longae, pediecllis 2-4 mm 
longis, pubescentibus vel pilosis, margimbus ciliatis; gliimac 2 5-3 mm 
longae, angustae, acuminatae, 1-2-ncrves; lemma 4 mm longum, 1.5 mm 
latum, reticulatum, Hcaberulum, anthcrae ±12, lineares, 2.5 mm longae; 
spiculac femmeae biseriatao 6 mm longae; glumac l-nerves, acutae, pu- 
b^scentcH, marginibus ciliatis, lemma 5 mm longum, apice minute pu- 
bescens 

Perennial, culms erect or somewhat decumbent at the base. Sterile culms 
80 cm tall, leafy m the upper fourth; lower sheaths bladcless, much shorter 
than the internodcs, rounded on the back, the upper ones crowded, much 
longer than the internodes, distinctly keeled, glabrous; hgule 8-15 mm long, 
joined at the base with the conspicuous auricles of the sheaths; blades 15-28 
cm long, long-acuminate, narrowed toward the base, glabrous or scaberulous; 
fertile culms 50 cm tall, the bladeless sheaths mostly longer than the inter¬ 
nodcs, rounded on the back, glabrous; ligule very short or wanting; in- 
Oorcscence drooping, 12 cm long, the whorls of spikclets scari-ely over¬ 
lapping; staminato spikclets 4 mm long, the pedicels conspicuous, 2-4 mm 
long, sometimes fused toward the base, pubcscxjnt or pilose, the margins 
ciliate; glumes 2 5-3 mm long, usually 1 or sometimes 2-nerved, acuminate, 
rather narrow at the base, glabrous or minutely pubescent, the margins 
veiy shortly ciliate; lemma 4 mm long, 15 mm wide, finely reticulate- 
veined, sca^rulous; anthers ±12, linear, 2 5 mm long; pistillate spikelet 
6 mm long, the glumes acute, 1-nerved, pulx^sccnt, narrower than the ma¬ 
ture fruit; fruit 5 mm long, the lemma minutely pubescent near the tip and 
on the lateral nerves 

Type in the U. S. National Herbarium, no. 1539376 collected in dense for¬ 
est at the mouth of the Rio Santiago, above Pongo do Manscriche, Depart¬ 
ment Loreto, Peru, November 17, 1931, by Yncs Mexfa (no 6116). 

P. aurUa is a very striking species, which is probably most closely related 
to P. gracilts Doell^ resembling it in the slender inflorescence of rather 
distant whorls of spikeJots. However, P. gractha has fewer, much smaller 
blades 10-16 cm long, and a ligule only 2-2 5 mm long. 

Ptriana distans Swallen, sp. nov. 

Perennis; culmi difformes e rhizomatibus crecti, scabri. Culmi steriles 40 
cm alti in parte superiore foliosi; vaginae inferiores laminis obsoletis inter- 
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nodiis breviorea, superiorea internodiiB longiorcs, pubescentes; ligula trun- 
cata, 2 mm longa^ pubcsccns; laminae 10-15 cm longae, 1.3-2.5 cm latae, 
lanccolatae, acuminatoe, infra scaberulac sunra pubescentes Ciilmi fertilra 
40 cm alti, infra inflorescentiam dense pubescentes; vaginae internodiis 
longiorcB, glabrae, laminis obsoletis; inflorescentia 0 5 cm longa, crecta, 
veiticillis spicularum remutis; spiculae masrulac 7 mm longae pcdicellis 
3 mm longis, dense ])ubescontibus; glumac 4-5 mm longae, ^nerves, sca- 
brae, margimbus ciliatis; lemma 7 mm longum, 2.5 mm latum, pubescens; 
spiculae femineae incognitoc. 

Perennial; culms numerous, erect from rhisomes, about 40 cm tall, sca¬ 
brous Sterile culms leafy toward the summit, the lower sheaths bladeless; 
lowermost sheaths short, longer than the intcrnodcs, the one of the mid¬ 
culm elongate, shorter than the intemode, the upper bladcbcaring sheaths 
again longer than the intcrnodcs, glabrous or minutely pubescent; ligule 
truncate, about 2 mm long, pubescent; blades oblong-lanceolate, 10-15 cm 
long, 1 8-2 6 cm wide, acuminate, shortly soft pubescent on the lower sur¬ 
face, scabcrulous above, the petiole 2 mm long, pubescent Fertile culms 
densely pubescent below the inflorescence; sheaths all longer than the m- 
temodes, bladeless, the uppermost one elongate, glabrous; inflorescence 9.4 
cm long, erect, the whorls of spikelets rather distant, the staminate florets 
scarcely reaching the base of the pedicels of the staminate spikelets of the 
whorl above; iiediccis of the staminate spikelets 3 ram long, densely pu¬ 
bescent, more or lass fused together; glumes 4-5 mm long, 3-nerved, acute, 
scabrous, the margins shortly ciliatc, lemma 7 mm long, 2.5 mm wide 
pubescent; pistillate spikelet undevoloj^. 

Type in the TJ. S. National Herbarium, no. 1614187, collected in forest 
borders, Santarem, Par&, Brazil, January 19-26,1934, by Jason R. Swollen 
(no. 3286) 

This species differs from all the others in the Graciles group in the 3-nerved 
glumes of the staminate spikelets and the longer staminate lemma In the 
other species of this group the glumes of the staminate spikelets ore oidy 
l-ncrvcd (rarely 2-nerved), and the lemmas arc not more than 5.5-6 mm 
long 

Pariana ligulata Swollen, sp nov. 

Ferennis; culmi difformes caespitosi, erccti, basi dccumbcntcs Culmi 
stcriles 70-95 cm alti, in parte superiore foliosi; vaginae inferiores inter- 
nmliis brcviorcs lanunis obsoletis, superiorea internodiis multi longiores, 
cannatae; hgula 6-10 mm longa, ffrma, obtusa vel truneata; laminae 15-32 
cm longae, 3-4 cm latae, subattenuatae, retioulatac, pctiolis crasais, 6-10 
mm longis glabris vcl minute pubcscentibus Culmi fertilos 50-60 cm alti, 
laminis obsoletis; vt^nae internodiis longiores; inflorescentia 12 cm longa, 
pcndula, parte infcriorc in vagina suprema inclusa, verticillis spicularum 
approximatis; spiculae masculae 5-6*mm longae, pcdicellis 4-5 mm longis 
sparse pubescentibus; glumac 1 5-2 mm longae, l-2-ncrvc8, triangulae, 
acutac, scabrac; lemma 5-6 mm longum, 2-2 5 mm latum, 3-nervc, acutum, 
reticulatum, soabrum; anthcrac lincarcs, 3 mm longae; spiculae femineae 
9 mm longae; gliimae l-S-norvcs acutae vel subacuminatac, scabrae; lemma 
7 mm lon^im, scutum, subapiculatum. 

Pcronmal; culms in rather large spreading clumps, erect from a decum¬ 
bent base. Sterile culms 70-95 cm tall, leuy in the upper half; sheaths 
elongate, the lower ones a little shorter than the intemodes, the upper ones 
longer than the intemodes but scarcely crowded, keeled toward the summit. 
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Flgfl. 1-8 —Front view of Btaminate spikelets of new Hpecies of Pariana. showing 
the p^ioel, glumes, and lemm^ X6: 1, P, nemUa, 2, P ovaltfolta; 3. P auriia, 
4, P. dUtana: 6, P. ligukUa; 6, P. socioto; 7. P. modeaia, 8, P. t^elufina. All drawings 
made from the type speoimeiu by Mrs Frances C Weintraub 
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reticulate-veined; ligulc (>-10 mm long, firm, obtuse or truncate; blades 
15-32 rm long, 3-4 cm wide, more or less plaited, the transverse veins con¬ 
spicuous on the lower surface, acuminate, narrowly rounded at the base, 
glabrous on both surfaces; petiole 6-10 cm long, glabrous or minutely 
pubescent. Fertile culms 60-^ cm tall, nearly hidden under the foliage of the 
sterile culms; sheaths somewhat inflated, all longer than the internodes, 
bladelcHs or sometimes with blades 1-2.5 cm long, inflorescence drooping, 
about 12 cm long, the whorls of spikelets distant, scarcely overlapping; 
Htaminatc spikelets 5-6 mm long, the pedicels 4-5 mm long, sparingly 
pubescent, glumes 1 5-2 mm long, triangular, acute, 1 or sometimes 2- 
nerved, scabrous, lemma 5-6 mm long, 2.5 mm wide, strongly 3-nerved, 
reticulate-veined above, scabrous; anthers about 3 mm long; fertile spikelet 
9 mm long, the glumes 1-nerved, scabrous or pubescent at the base; fruit 7 
mm long, abruptly acute^ almost apiculato. 

Type in the U.S National Herbarium, no 1613673, collected in forest at 
Boa Vista, Rio Tapajos, Pard, Brazil, January 7-13, 1034, by Jason R. 
Swallen (no. 3177). 

P ligukUa differs from all other species in the Oracilea group in the large 
pistillate spikelets and the long comparatively narrow plaited blades 

Pariana aodata Swallen, sp nov 

Perennis. Culmi difformes e rhizomatibus erecti vel basi decumbentes. 
Culmi stcriles ±40 cm alti, glabri, in parte superiore foliosi, vaginae glabrae 
vel in parte supenore pubescentes, mfenores internodiis multo broviores, 
supenores internodiis multo longiorcs in ore dense fimbriatae pilis 10-15 mm 
longis; larmnae 8 5-11 cm longae, 1 7-2 7 cm latae, acuminatae, infra minute 
pu^Bcentes, supra scaberulac, manpnibus serratis; ligula truncata 1 mm 
ionga Culmi fertiles 30 cm alti, vaginae internodiis longiores, inflatae, gla¬ 
brae vel minute pube^entes, m ore dense fimbriatae, laminis obsoletis vel 
ad 2 cm longis; inflorescentia 7-8 cm Ionga, 1-1 3 cm lata, erecta, vcrticillis 
spicularum approximatis; spiculae masculac 5 mm longae, jiedicelhs 4 mm 
longis dense pubcwcntibus; glumae 2-3 mm longae, l-S-nerves, acuminatae, 
pubescentes, inarginibus ciliatis; lemma 5 mm loiigum, 2 5-3 mm latum, 
acutum, dense ^niU'^ens; anthcrac ±8, linearcs, 2 mm longae; spiculae 
femincae unisenatae, 6 mm longae; glumae acutae, 3-nerves, acqualcs, 
pubescentes; lemma 5 mm longum, 3 mm latum, acutum, glabrum 

Perennial; culms erect from a more or less dccvimbcnt rhizomatous base, 
glabrous. Sterile culms leafy toward the summit, about 40 cm tall; lower 
sheaths much shorter than the intemodcs, bladeless or the blades much 
reduced, the upper ones crowded, keeled at least toward the summit, densely 
fimbriate in the mouth, the hairs 10-15 mm long: ligulc truncate, 0,5 mm 
long; bladea 8 5 cm long, 1,7-2.7 cm wide, rather abruptly acuminate, 
rounded at the basi‘, minutely pubescent on the lower surface, scaberulous 
above, the margins finely but distinctly serrate, the petiole about 1 mm 
long, pubescent. Fertile culms about 30 cm tall; sheaths inflated, all longer 
than the internodes, bladcless or sometimes the blade as much as 2 cm 
long, 1 cm wide, sparsely to rather densely fimbriate at the mouth; in¬ 
florescence 7-6 cm long, 1-1.3 cm wide, stiflly erect, the staminate spikelets 
about half overlapping the pedicels of the staminate spikelets in the whorl 
above; staminate spikelets 5 mm long, somewhat spreading; pedicels 4 mm 
long, densely pubewent; glumes 2-3 mm long, 1-3-nerved, acuminate, pub¬ 
escent, the margins ciliate; lemma 5 mm long, 2.5-3 mm wide, short but 
densely pubescent; anthers 2 mm long, pistillate spikelet 6 mm long, the 
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glumes acute, 3-ncrved, pubescent;fruit 5 mm long, 3 mm wide, acute, gla¬ 
brous. 

Type in the U. S. National Herbarium, no 1613672 collected in open 
sandy forest between Caxias and Barra do Corda, Maranhfio, Braiil, 
February 18-26,1934, by Jason R Swallen (no. 3599). 

P. sociata is similar in appearance to P. ztngtbertna Doell, which differs in 
having thicker, shorter blades, almost no fimbriae at the mouth of the 
sheaths, and smaller glabrous staminate spikelets. 

Pariana modesta Swallen, sp nov. 

Perennis; culmi difformes, gracilea e rhizomatibus crecti Culmi stcriles 
15-35 cm alti, in parte supenore foliosi; vaginae glabrae, infenores inter- 
nodiis breviores, suporiorcs intcmodiis multo longiores m ore fimbnatae; 
laminae 3-7 6 cm longae, 5-14 mm latae, laneeolatae, minute pubcscentcs 
Culmi fcrtiles 20 cm alti; vaginae internodiis breviores inflatae, glabrae vel 
minute pubcHcentes, lamims obsoletis; inflorescentia 3-4 cm longa, ereeta, 
veriicillis spicularum appruximatis; spieulac maseulac* 5 mm longEie, pedi- 
cellis 4 mm longia; glumac 3-4 mm longae, 3-ncrves acutac vel subacumina- 
tae basi latae, pubescontea, marginibus ciliatis; lemma 4.5-5 mm longum, 
2 min latum, 3-ncrvc, acutum, scabcrulum vel pubescens; palea acuta lemma 
aoquans; antherac ±20, 1-1.5 mm longae; spiculae femineae 6 mm longae; 
glumac aequales, l-3-nerves, acuminatac, pubeseentes; lemma 5 mm lon¬ 
gum, acutum. 

Perennial, culms slender, erect from rhizomes. Sterile culms 15-35 cm 
tall, leafy toward the summit, glabrous; lower sheaths mueh shorter than 
the intcrnod(‘8, the upper ones crowded, mueh longer than the intemodes, 
eonspicuously fimbnate at the mouth; ligule very short, thick; blades 3-7.6 
cm long, 5-14 mm wide, thin, lanceolate, minutely pubescent on both sur¬ 
faces, the pubeseenee sometimes obscure. Fertile culms 20 cm tall, glabrous 
or minutely pube^ent; sheaths all shorter than the internodes, inflated, 
bladeless, never fimbriate; inflorescence 3-4 cm long, bearing 3 or 4 rather 
distant whorls of spikelets, the whorls scarcely overlapping exposing the 
]>edicels of the stanunate spikelets; staminate spikelets 5 mm long, the 
jiedicols 4 min long, densely pubescent toward tne base becoming nearly 
glabrous at the summit; glumes 3-4 mm long, strongly 3-nerved, acute or 
subacuminate, broad at the base, more or less pubescent, the margins ciliatc; 
lemma 4 5-5 mm long, 2 mm wide, 3-nerved, abruptly acute, scabenilous 
and more or less pub^ent; palea acute, equaling or slightly exceeding the 
lemma; anthers about 20, 1-1 5 mm long; pistillate spikelet G mm long, the 
glumes equal, acuminate, 1-3-nerved, pubescent, the lemma 5 mm long, 
acute, rather broad, almost entirely enclosing the palea. 

T3rpc in the U. S. National Herbarium, no 1613666, collected in high 
open forest between Caxias and Barra do Corda, Maranhfto, Brazil, Febru¬ 
ary 18-26,1934, by Jason R. Swallen (no. 3544) 

In the region where the type was collected, this species was very abundant, 
in some cases^ being the dominant herbaceous plant in moist open woods 
called “Carasco." The fertile culms were never plainly evident being ob¬ 
scured under the foliage of the sterile culms, the young ones even hidden in 
the ground cover of old leaves. Only a small proportion of the plants had 
fertile culms at the time the specimens were collected. 

Distribution: Open forests, east-central Maranhfto, Brazil. Between 
Caidas and Barra do Corda, Swallen 3597, 3544 (type); Barra do Corda to 
Grajahu, Swallen 3631; Carolina to San Antonio de BeJsas, Swollen 4132. 
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This species was found growing with P. soctoto and resembles it in several 
ways, especially in having thin blades, numerous fimbriae, and a short erect 
inflorescence. It differs, however, in being a much smaller plant with short 
narrow blades, short slender inflorescences of distant whorls of smaller 
glabrous staminatc florets, the glumes of which are very broad at the base, 
strongly 3-5-nervcd. 

Pariana velutlna Swallen, sp. nov. 

Ferennis; culnii difformos basi adscendentes. Culmi stcnics 45-50 cm 
longi infra nodos dense puboscentes; vaginae inferiores obsoletae, mediae 
clongatao intemodiis breviores laminis obsoletis, supenores foliatao in- 
temodiis multo longiores, auriculatae, fimbriatac, canna dense pubesoente, 
laminae 12-lC cm longae, 2-4.6 cm latae, lancoolatae vel ovato-Ianceolatae, 
aouminatac, infra dense pubescentes, supra glabrae nervo medio dense hir- 
tollo, Culmi fertiles gracilcs, 25 cm longi, infra inflorescentiam dense pu¬ 
bescentes, vaginae 2 vcl 3, internodiis breviores, inflatae, glabrae; alaminis 
obsoletis; inflorosoontia erocta 6 cm longa, spiculae masculae 4 5 mm longae, 
|)edicellis occultis 2-2 5 mm longis pilosis basi villosis; glumae 2-2 5 mm 
longae, 1 mm latae, l-2-nerve8, acutae vel acuminatae, scabrae, lemma 
4 5 mm longum, 1.5-2 mm latum, 3-nerve, acutum, scabrum, baa pu- 
bcscens; anthcrae 2.5 min longae; spiculae femmeae uniscriatae; glumae 5 
mm longae, 1-3-nervcs, acutae vel subobtusae, pubescentes; fructus 5 mm 
longus, 3 mm latus, gla^r, superne pubescens. 

Perennial; culms biform, erect from an ascending base. Sterile culms 
45-50 em long, densely piibesecnt below the nodes; lowest sheaths obsolete, 
the median one elongate, shorter than the intemodcs, the blades obsolete, 
the upper leaf-bearing ones crowded, much longer than the internodcs, 
auriculatc, fimbnatc, densely pubescent on the keel; blades 12-16 cm long, 
2-4. 6 em wide, lanceolate or ovatc-lanceolate, acuminate, softly pubescent 
on the lower surface, glabrous on the upper surface, the nudnerve densely 
lurtcUous, Fertile culms slender, 2 5 cm long, densely pubescent below the 
inflorescence; sheaths 2 or 3, shorter than the intemodes, inflated, glabrous, 
the blades obsolete; inflorescence erect, 6 cm long; staminate spikelets 4 5 
mm long, the pedicels hidden, 2-2 5 mm long, pilose, densely villous at the 
base, glumes 2-2 5 mm long, 1 mm wide, l-!^nerved, acute or acuminate, 
scabrous, lemma 4 5 mm long, 1 5-2 mm wide, 3-nerved, acute, scabrous, 
pubescent toward the base; anthers 2.5 mm long; pistillate spikelets in 
one row; glumes 5 mm long, 1-3-norved, acute or subobtuse, pubescent; 
fruit 5 mm long, 3 mm wide, glabrous, pub^cent toward the summit. 

Type in the U. 8. Nationd Herbanum, no. 1458908, collected at Qami- 
tanacocha, Rio Maz&n, Department Loreto, Peru, altitude 100-125 meters, 
by Jose M, Schunkc (no. 164). 

Partana irichosticka Tutin is the only other species that has the midnerve 
of the blades hirtellous on the upper side but differs from P. tfeluiina in 
having glabrous blades, densely pubescent sheaths, and longer glumes on 
the pistillate spikelet (7 mm long), which extend beyond the fruit. 
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BOTANY.— New varieties and new combinations tn the genera Clau- 
sena, Oxanthera, and Triphasia of the orange subfamily, Auran- 
tioideae} Wai;ter T. Swingle, U. S. Bureau of Plant Industry. 

In connection with the preparation of a synopBis of the orange 
subfamily, soon to be published, I have brought to light a number of 
new genera, species, and varieties. I have already published a paper 
on my new taxonomic arrangement of the subfamily.* 

I have had the good fortune to be able to borrow from several of the 
great herbaria of Europe, Asia, and the United States a large number 
of specimens of the species of Clausena and of other genera of the sub¬ 
family Aurantioideae. Thanks to the use on a large scale of the modi¬ 
fied Juel method* of restoring herbarium material of flowers, young 
fruits, etc., and making serial microtome sections of them, 1 have been 
able, with the skilled help of Dr. Albert H. Tillson, to throw new light 
on some of the taxonomic problems that have arisen in separating the 
numerous and often highly variable species of some of the genera of 
this subfamily. 


Genus Clausena Burm. 

Clausena luxurlans (Kurz) Swingle, comb nov. 

Clausena WaUichix Oliv. var hixunans Kurz, Journ Asiat Soc Bengal 

44 (2): 133. 1870. 

Clausena Walltchit affinis sed differt (1) folus multo grandioribus, (2) folio- 
lis grandioribus ot multo paucioribus, (3) flonbus minonbus, (4) partes 
florales sine ecllulis rosiduiis tanninifcns repletis, (5) alis petiolis duplo lati- 
oribuH, (0) marginis foliorum integns vel leviter crenulatis nee dentieulatis, 
(7) fnliolis in sioco pallido-vindis, ncc fusco-viridis. 

A small, meagre shrub, leaves large, 33-50 by 20-27 em, 5-7- (often C-) 
foliolate, leaflets lanceolate or broadly oval, variable in size, lower lateral 
leaflets 6 5-7,5 by 4-5 cm, upper lateral and terminal leaflets 15-21 by 6 5- 
9.5 cm, larger leaflets acuminate or broad-acuminate at the apex, variably 
euneate at hose and decurrent into the petiolules, lateral veins variable in 
prominence, larger ones few, 7-9, arising at angles of 70-75® with the midnb, 
the intermediate, fainter and snorter ones often arising at greater angh's 
(80-89®!), margins entire or slightly crenulate; rachis narrowly winged, 
win^ 0 8-1 5 mm wide on each side of the rachis; inflorescences terminal, 
paniculate, flowers small, 4-5 mm in diamet(>r, 4-(or 5-7) merous, borne on 
short pedicels, 1-2 mm long with minute ciliate bracts at the base, calyx 
lobes acute, with a large oil gland at the tip (not seen in f^g. 1 but visible in 
other sections on the same slide), anthers with a small oil gland in the con¬ 
nective, pistil (including gynophore) 2.5-2 8 mm long, ovary 1-1.1 mm long, 

> Received January 6, 1940 

' SwiNHLB, Waltbb T A MU toxotiomie arrangemenl of the orange sub/amtly, 
Aurantiouleae. Journ. Washington Acad. Soi. 28: 630-633. 1038. 

' See SwiNoiiB, Waltbb T Nev) methods uftltsed tn studmng the taxonomy of the 
orange subfamily Journ, Washington Acad 8ci 29:270. 1030. 
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1-1.3 wide, with one medium-sized protuberant oil gland at the tip of each 
locule, flt^le 1.3 mm long, cylindrical, 0.5-0.6 mm in diameter, except at the 
base, which is 0.3 mm in diameter, where it joins the ovarpr; stigma not de¬ 
limited from the style; fruits (immature) globose, 5-6 mm m diameter. 

Type dpeamen —Burma, rare in eastern slopes of Pegu Yomah in tropical 
forests, Sulp%z Kurz 1095, flowering branches, Herb. Roy. Bot, Gard. Cal¬ 
cutta; photographs and serial sections, SAT Nos. 519 A, slides 1-4 (168 
cross sections of a flower bud), 519 B 1, and 519 C 1 (95 longitudinal sections 
of 2 pistils). Herb National Arboretum. 



Fig ] ^Clauaena Itixurtana Serial longitudinal Hectiona 
of pistil of typo specimen. XIO 

Cefype apectmen - Same locality, Kurz 1995, ‘‘Choungmerah Chg ” Herb 
Roy. Bot. Gard. Calcutta, photographs and serial microtome sections, S & 
T. Non, 520 A, slides 1-4 (198 cross sections of 1 flower bud), 520 B 1, 520 
C 1 (76 longitudinal sections of pedicel, calyx, and pistil), Herb National 
Arboretum. 

Remarks —The original description of Clausena WaUtchti var luxurtans 
by Kurz is very short; it reads, in full: ^'Clausena Walltchh Oliv Var /3 
luxurians, rachis leafy-winged; leaflets only 4-2 pairs wth an odd one, 4-8 
in. long, remaining green in a dnod state ” 

The leaves of this species differ markedly from those of C WaUtchtt in hav¬ 
ing much larger, broader, and fewer leaflets (5-7 instead of 13-171) On the 
other hand, tne flowers of C Walltchtt (which has much smaller leaflets) are 
decidedly larger, the pistil being from one-fifth to one-quarter longer and 
the style nearly two-thirds longer I 

Another speoies, C OmUaumimt, native to French Indochina, resembles 
C luxurtans and C. WaUtchtt in having leaves with narrowly winged rachis 
and also has flower parts not greatly diffenmt from those of C, WaUtchtt; it is, 
however, strikingly different from both of them in having dimorphic oil 
glands in the leaves, many very small ones, and a few very large ones, i to J 
mm in diameter, clear bright rod by transmitted light. These three species 
are doubtless descended from a common ancestral form but have diverged 
so much in iBxonomic characters that they are now good, easily distinguish¬ 
able species. 

One of the most striking characters of C. luxurtans^ in which it differs 
markedly from all species at all closely related to it, is the almost complete 
absence in the flower parts of tissue cells filled with brownish, nearly opaque 
tannin residues that occur in abundance in all the other species of Clausena 
except C. suffiuiicosa, a very aberrant species; C dentaia var. longipca has 
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such cells but only a few of them; note the contrast between FIrb. 1 and 2 in 
this respect. 

C luxurians in its general aspect, flower morphology, and especially in its 
leaf characters, somewhat resembles C. heptaphylla of British India, Burma, 
Indochina, and Malaya, but the leaves of this latter species do not have a 
winged or margined rachis and have floral organs with abundant cells filled 
with tannin residues. The many-sided affinities of this newly recognised spe¬ 
cies arc characteristic of the situation found among the many closely related 
species of this large genus. 



Fig 2 —Clauaena WoUiehtt Serial longitudinal sections of pistil Burktll 
30288, Amherst Dlstr Burma, Uoru Bot Card Calcutta XIO. 

Clausena dentata var. Henry! Swingle, var. nov. 

A typo differt (1) fructu ovoidco ncc sphaerico, negro, (2) foliis foliolisque 
duplo majonbus hirsiitionbus, (3) petalis hirsutis, (4) foliolis latcralibus su- 
IR?noribu8 saepe grandionbus quam folioli torminalcs 

Type specimen —China, Ichang, Henry 4122, flowering branch. May 
1888, Herb. Kow Gardens; photograph and serial microtome sections, S. & 
T Nos. 528 A, slides 1-3; 628 B, slides 1-3 (381 cross sections of flower bud); 
528 C 1 and D 1 (85 longitudinal sertions of two pistils); Herb National 
Arboretum. 

Cotype specimen 1 —China, Ichang, Henry 3127, February 1887, fruiting 
branch. Herb. Kew Gardens; photograph Herb. National Arooretum. 

Cotype specimen f.—China, Ichang, Henry i:)028. Herb. Kew Gardens; 
p^hotograph and serial microtome sections, SAT. No. 538 A, slides 1-3, 
B 1-3. (336 cross sections from 2 flower buds); C 1, D 1 (105 longitudinal 
sections from 2 flower buds); Herb. National Arboretum. 

Serial microtome sections made from a flower bud of the type specimen 
(Henry 4122) show the flowers to be tetramerous; the anthers show small oil 
glands in the connective, obscured by dense tannin residues in the surround¬ 
ing cells; total length of pistil from calyx to tip of stigma 4-4) mm, gyno- 
phore hourglass-shaped, 0 0-0.7 mm high, ovary 1-1.2 mm high, 1.1-1.3 mm 
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wide, with a minute, slightly protuberant oil gland at the top of each locule, 
style 1 2-1.3 mzn long, subclavatc, 0.5-0.6 inm wide at base where it joins 
the ovary, gradually ex^^ding toward the tip where it is 0.7-O.8 mm wide; 
stigma not clearly delimited. 

Remarks —This striking variety of C. denkUa (Willd.) Roemer has been 
identified wrongly as C. auffruitcosa (Roxb.) Wight, which is a very different 
plant which has been confused with Henry’s Clansena doubtless because of its 
rather slender ovoid fruits The fruits of C, de7Uata var. Aenryi,0-12 by 6-8 
mm, black when ripe and said to be edible, are very different from the 
fruits of the typical C deidaia of British India, which when ripe are globose, 
whitish green, and about 8 -12 mm in diameter. Henry's Clausena has the 
northernmost range yet reported for any species of the ^nus. It grows near 
Ichang, Hupeh Province, China, about latitude 31® N. Many varieties of C. 
dentaia have been described, but most of them are still inadequately known. 
Another Chinese variety of this species, C. derdoia var. rohiuda Tanaka, is a 
vigorous plant having rather small globose fruits. 7-^ mm in diameter. 

Still another Chinese variety very inadequately described and named by 
Lfiveill6 as a distuict sjieoies, C. Dunnxana Lev., can better be considered a 
variety of C. dentaia. 

Clauaena dentaia var. Dunnlana (Lev.) Swingle, comb. nov. 
Clausena Dunnxana L4veiII4, in Fedde's Report. 10; 67. 1912. 

Type speexmen —Pin-fa, Kweichow Province, China, J. Cavalerxe 1072, 
Herbarium of Edinburgh University; photograph in Herb. National Arbo¬ 
retum 

Cotype speexmen 1 —Same locality, J Cavakrie 1072, June 18, 1903, flow¬ 
ering branch, Herb. Kew Gardens 

Coiype speexmen 2 —Same locality, J. Cavakrie 1072, flowering branch, 
Herb Univ Edinburgh; photograph and fragments cx Herb Monseigneur 
Ldveill^, in Herb Arnold Arboretum 

This plant is still very little known, as Tjdvcilld's description was very 
short. It looks much like some specimens assigned to Clausena dentaia var 
robusia Tanaka, and more study is needed to separate these two poorly 
eharactonzt'd varieties Some specimens of C. dentaia var. Dunnxana have pet- 
lolules 4-6, rarely 8, mm long, longer than have been seen on any other 
Chuiesc forms of C dentaia 

Clausena brevistyla var. holmaheirae (Miq ) Swingle, comb. nov. 
Clausena halmahexrae Miquel, Ann Mus. Bot. Lugd.-Bat. 1: 211. 1863. 

This variety has diminutive pistils, only 1.4-1 5 mm long, with the gyno- 
phore only 0.2-0 3 mm long, the ovary 0 8 mra long and 0.8 mm wide, rough 
with oil glands, the style 0,5-0 6 mm long and cylindrical The inflorescences 
are large, 26-^5 cm long, with widely spreading primary branches and sturdy 
terminal pedicels, 2-4 mm long. 

The above measurements were taken from serial microtome sections made 
from a topotype specimen from Haimaheira Island {Teysmann 6667) in 
Herb. Roy. Bot. Garden Calcutta 

The styles are slightly longer than those of C, brevistyla but otherwise 
similar. 

The southernmost species of Clauaena^ C. brevistyla Oliver, native to 
northeastern Australia, has, as its name indicates, a very short style, less 
than one-half as long as the ovary. It now appears that a species described 
from Haimaheira (or Gilolo) Island m the Moluccas, C. holmaheirae Miq., 
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also has a very short style and doubtless belongs close to C. breviBtyla and 
can best be made a variety of it. 

Genus Oxanthera Moutr. 

Oxanthcra is a genus of the Wenzelia group of the subtribc Triphasiinae, 
tribe Citreac. It is limited to Now Caledonia and vnth the spiecies here trans¬ 
ferred to tho genus has four species with largo orangelike flowers but with no 
pulp-vesicles in the fruit. This excludes them not only from the genus Ctlrus 
but from the whole subtribe Citrinae. 

Oxanthera undulata (Guiil.) Swingle, comb. uov. 

Citrus undukUaGmllh\}jn\n,Tiu]] Soc Dot. France 85:304. 1938 

This species has thin leaves unlike the other three, which have thick, more 
or less coriaceous leaves. This seems to indicate they are more or less pro¬ 
nounced xfTOphytes, whereas C undulata is more likely a mosophyte. 

All the R|x*cie8 of this very curious genus are discussed in some detail in 
my synopsis of Citrus and related genera of the orange subfamily, now in 
press. 

Genus Triphasia Lour. 

The genus Triphasia is a small one that has been known to botanists for 
several centuries and is the type of the subtnbc Tnphasiinao of the tnbe 
Citreac. The best-known species is Triphasia trifoha with tnfoliato leaves, 
Km all white flowers, and tiny red bemes, often grown in hothouse's and in 
subtropical gardens as an ornainontal plant. 

Recently an autotetraploid form of this species was discovered in the 
U S. Bureau of Plant Industry citrus greenhouse. 

Triphasia trifoUa var tetraploidea Swingle, var. nov. 

A typo differt (1) chromosomatis duplo numerosioribus in omnibus cellulis 
(autotetraploideis), (2) foliis paulo crassionbus, floribus paulo grandioribus. 

Type apccimen. —Washington, D C , citrus greenhouses, U S Bureau of 
Plant Industry, Swingle C P B No 2889, P.E.I 27778, fruiting branch, 
S & T. No 575, sliile 1, numerous pollen mother cells showing tctraploid 
chromosomes, made by Dr A. E Longley, March 3, 1937, Herb National 
Arboretum, No 70839 

Remarks ,—This variety differs from the species in having larger flower 
parts and thicker leaves, and especially in having 36 chromosomes in all the 
somatic colls instead of 18, the normal number for almost all the plants of 
this orange subfamily so far studied. 

This autotetraploid form of the common trifoliate limeberry looks much 
like tetraploid forms of Citrus, having, like them, thicker loaves and larger 
flower parts. Longley,* who has studied the chromosome numbers of Citrus 
and many related genera, first detected the tctraploid nature of this plant. 
This variety doubtless onginated as a mutation from the common diploid 
fonn of the species. This tetraploid form of the common limeberry is a vigor¬ 
ous plant that flowers and fruits freely in the greenhouse. It may prove to 
have value in ornamental plantings both in tho hothouse and in subtropical 
gardens. 

* Lonolby, Albert £. Pdtycarpy^ polys^y, and polyploidy in etirus and cUrus 
rdativea Jouni Washington Aoad Boi 15:347-351, 1 fig 1025. 
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ZOOLOGY .—A new pycnogontd from Peecadero, Caltf., and distribur 
tioncd notes on other species.^ Joel W. Hedopeth. (Commum- 
cated by Waldo L. Schmitt.) 

The pebble beach near Pescadero, Calif., is not a good collecting 
ground for marine invertebrates, since the reef is somewhat like a sea 
wall, but it is the only habitat so far known of a hitherto undescribed 
species of Ammothea. A specimen of this pycnogonid was collected in 
September 1930, and when the beach was revisited in August 1939 
three more specimens were taken from the same small area of the reef 
at the south side of the pebble beach cove. The recent collection was 
made from worn eelgrass holdfasts just below the Littonna scutulata 
horizon at a 2.8 tide (about the upper limit of zone 3 of the classifica¬ 
tion of Ricketts and Calvin, 1939), which is a rather high distribution 
for littoral pycnogonids on the California coast and supports Giltay 
(1934) in his contention that the genus Ammothea is composed of 
littoral forms adapted to various biotopes and that a large number of 
species are still to be discovered in regions not yet carefully investi¬ 
gated for pycnogonids. 

Ammothea euchelata, n. sp. Fig 1 

Holotype —Male, with egg clusters. Pescadero, Calif, August 15, 1939. 
US.N.M.no. 78411 

Paratypea ,—One male, in U.S.N.M. collections; egg-bearing male, dis¬ 
sected, in author’s collection. 

Descrtj4ton —Body circular, about 1 5 mm in diameter, lateral processes 
contiguous but not fused, with low tubercles on the anterior and posterior 
distal comers of the processes Proboscis ovoid, directed veutrally, not 
quite so long as trunk. Eye tubercle near anterior border of first trunk seg¬ 
ment, low and without spines or projections; eyes large and distinct. Abdo¬ 
men moderately long, about twice tne length of the lateral processes of the 
last pair of legs, with a few small spines near the aiiex Chclifores nearly 
as long as the proboscis although apparently a little over half as long; scape 
stout, little more than half the length of the chclifore; chel^ well developed, 
Hubglobular, the fingers broadly curved so that only the tips oppose, with¬ 
out teeth or setae Palpus shghtly longer than proboscis, first joint short, 
about equal to third joint; second joint slightly longer than first and third 
combined; fourth joint about equal to second, last four joints short, more or 
less equal, together a little longer than the fourth; joints 5, 6, and 7 with 
ventral processes, terminal joint oval^ a few setae on the ventral processes 
and on the distal portion of the terminal joint. Oviger of male about twice 
as long as palpus, first joint short, stout; second joint three times as 
long as wide; third joint slightly longer than second but half the diameter; 
joints 4 and 5 equal, shorter than the third; joint 0 one-half as long as 5, 
joints 5 and 6 with spines on outer marmn directed backward; joints 7, 8, 
and 9 nearly equal, 7 and 8 stout, 9 slender; terminal joint short and blunt. 
The last four segments of the oviger bear a spine with teeth on its inner 

‘ Received fleptember 20,1030. 
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Fig 1. —Ammothea euchelata, n sp.: a, Front view of holotype, X30; dorsal view 
of trunk of holotype, X30; c, ventral view of right ohdifore of parat}^, X45: d, 
nght palpus of parstype, X46; e, right oviger of paratype, X4ft;/. detatTof terminal 
joints of oviger, X120; g, denticulate spine from oviger, X 1,000; a, right third le^ of 
paratype, X38 (All drawings made with the aid of a camera luolda; magnifications 
approzWate.) 
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margia at the ventral base of the joint. In the terminal segment this spine 
IS sickle-shaped, situated near the distal ventral mar^n, and on the slide 
mount obscures a minutely lobed Icaflike terminal spine In Fig. 1, f, this 
spine has been drawn away to reveal the structure of the terminal spine. 
Kggs about O.l mm in diameter, m small scattered masses of 12-20 along the 
oviger. Legs stout, comparatively short; first and second coxal joints anned 
with spines laterally; genital protuberance of second coxa of male very 
conspicuous; third coxa and remainder of leg with a few scattered spines. 
Taraus curved, terminal claw strong, nearly as long as tarsus, auxiliary 
claws about half as long as terminal claw. Proportions of the joints in milli¬ 
meters approximately as follows: 0.5, 0.5, 0 5, 1.0, 1.0, 0 8, 0.25, 0.5 Meas- 
uTcmcntH (approximate) as follows: 



Iloloiype 

Paraiyjie (from dissected pa 

Body 

1 5 mm 

1 5 mm 

Froboscia 

1 25 

1 0 

Abdomen 

— 

0 0 

rbehforo 

1 0 

1 0 (scape 0 6, rhela 0 4) 

Palpus . 

— 

1 5 

Oviger 

— 

2 0 

Thiril leg 

2 5 (from abovei unextended) 

5 0 (sum of segments) 


Hclaiiomkip8. —No other ajwcies of Amnwihea known to me has such 
large and well-dcvelojicd chelae in the adult as A euchelatUf and this char¬ 
acter separates it from the rest of the California siiecies, in which the chelae 
arc rudimentary knobs in the adult. The ventral protuberances of the ter¬ 
minal segments of the palpus are similar to those of Ammothea pribtloferms 
Cole, which has a higher, jwintcd eye tubercle and a broader, blunter pro¬ 
boscis than A. eiwhdata. Denticulate spines occur only on joint 10 of the 
male oviger of A pnhilofcnsts. Ammothea euchelata is e\idently related to 
A. spinosa (Wilson), in which the chehfores are Homotimcs chelate* They 
are much smaller, however, and the legs as a whole are spinier. The ter¬ 
minal joints of the palpus of Ammothea spttwsa do not have the ventral pro¬ 
jections of A, ewhelata, and the denticulate spines of the oviger are sym- 
metncal and the proiiortions of the joints themselves diffi'rent m A sptnosa * 

Distribution —Although I have collected intensively for pycnogomds at 
various reefs along the central California coast from Mann County to 
Pacific Grove, I have so far collected thi.s species only at Pescadero. On 
September 30, 1930, one egg-bearing male was collected from Bugula along 
wth a specimen of Ammothea gracihpes, apparently the aouthem record for 
the latter, which is most abundant just north of the Golden Gate 

DISTRIBUTION NOTES 

Moss Beach, San Mateo County, Colt/.—AmnwthcUa iuberculata (^ole, 
five spocimens, from eelgrass holdfoste and among hydroids on pitU*d rocks, 
2-11-34, Lecythorhynchus marginatus Cole, four specimens, 4-23-32; 12 
specimens, including ogg-bcanng males, on Ahieiinaria, 2-10-34; six speci¬ 
mens, 11-^38. Tanystylum intermedium Cole, three specimens, 2-10-34; 
three specimens, on Abiettnana, 11-6-38. Phoxtchilidtum femoraium 
(Rathke), 10 specimens, including egg-bearing males, 4^23-32; three speci¬ 
mens, 2-10-34 Pycnogonum stearnstlves, one female, under rock, 3-26-32. 

Mtiir Beach, Mann County, Calif,—Ammothea gramlij^s Cole, 12 speci¬ 
mens, including egg-bearing males, from Bugula, Abiettnana, and pitted 
rocks, 5-11-33. Ammolhetta tuberculata Cole, one specimen, 5-23-32; three 

* Ammothea acheUndee Wilson (PI. 6, Fig 1) —4 aptn^a, auotontateSohiznkewltsoh. 
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Bpecimens, 5-11-33; one specimen, April 1934 Lecythorhynchus margiriatus 
Cole, 12 Hpecimcns, including cgg-l^anng males, from Abteltnarta, 5-11-33; 
12 specimens, including eu-bcaring m^es, from Abteltnarta, April 1934 
Tanystylum tnUrmedtum Cole, 14 specimens, including egg-boaring males, 
from Abteltnarta, April 1934. Pycnogonum aleamst Ives, throe males from 
Abteltnarta, April 1934. 

Jenner, ^Sonoma Counly, Caltf {near Bodega Bay),—AmTOOthea gractltpee 
Cole, one female, and Pycnogonum sUarnst Ives, one female, both from 
Campanularta, collected by A R. Grant, February 1034 

It will be noted in the Moss Dcach collections that in 1932 Phoxtchtltdtum 
femoratum was common and Lecythorhynchus marginaius was scarce, but 
that the situation was reversed in 1034. Unfortunately it was not possible 
to make regular collections to determine if this is a case of periodicity or 
simple coincidence. At Muir Beach, Lecythorhynchus marginaius and Tany* 
stylum trdermedtum wen* collected from the .same fronds of Abteitnarxa in 
equal numlw'rs. These two species and Pycnogonum siearnsi occur in the 
Abteltnarta along the 8helt(*r^ rock wall at the nortli border of the beach, 
while Ammoihea gractltpes occurs in hydroids and bryozoan colonies among 
the maze of large boulders that marks the south border of the Muir Beach 
cove There is some variation in the length of the protubi*rance on the dorsal 
part of the second coxal joint in this s{K‘Cies, in some specimens being as 
long or longer than the coxal segment There was no variation observed in 
the direction of increased body size and reduction of these protuberances 
as described by Lozina-Loziiisky (1933) in his variety borealis of Ammoihea 
gractltpes from the Gulf of Kastri 
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ZOOLOGY .—A new trematode from Siren lacertina: Diplostomulum 
sirenis, n. sp.^ Georqe C. Kent, Jr., Vanderbilt University. 
(Communicated by Paul Bautsch.) 

A number of Siren lacertina (Linnaeus), collected from marshes 
along the banks of the Cumberland River, near Nashville, Tenn., in 
October 1938, were kept in an aquarium until May 1939, when the 
animals were sacrificed for routine histological examination. Of four 
specimens examined (all that were available), three (length approxi¬ 
mately 25 cm) were found to be infected with a trematode, herein 
described os a new species of the genus Dtplostomulum, Over 100 
specimens were obtained from one host, 50 from a second, 6 days 

^ Received October 27, 1030. 
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later, and 30 from a third, 13 days after the first animal was sacri¬ 
ficed. The fourth animal (14 cm) did not appear to be infected. The 
Diplostomula were not encysted but were free in the pericardial 
cavity, where they were clumped in a white mass about the ventricle. 
Inspection of the alimentary tract and of the great vessels revealed 
no similar forms in these organs. 

Matenala and methods .—The parasites were collected with a pen 
point previously dipped in black India ink on which background the 
white specimens were easily visible, and with which instrument they 
were more easily separated from the slimy exudate than would have 
been possible with a pipette. They were transferred to a watch glass 
containing physiological saline at room temperature. Specimens to be 
permanently mounted were fixed with acetic-sublimate, or formalin- 
alcohol-acctic acid. For staining, Harris’s hematoxylin, borax-car¬ 
mine, and hematoxylin and easin were employed in various dilutions, 
and for periods of 10 minutes to 48 hours. When necessary, acid 
alcohol was used for destaining. Undiluted Harris’s hematoxylin 
applied 10 minutes gave the most satisfactory differentiation. 

Diplostomulum sirenis, n sp 

Description .—General form and anatomy typical Forebotly and hind- 
body distinct. Forebody in living specimens thin, foliaceoiis, clongateii, 
slightly concave ycntrally, which concavity is retained in many preserved, 
unmounted specimens Hindbody short, located postcrodorsally on fore¬ 
body Oral sucker terminal, mouth ventrotcrminal Acetabulum situated 
anteriorly in posterior half of body, circular in outhne in living specimens, 
transversely elongated in stained mounts as result of longitudinal con¬ 
traction of entire body. 

Hold-fast organ prominent in stained specimens Lateral suckers short, 
broad prominences in living and preserved specimens 

Pharynx long, prepharynx snort, esophagus longer than prepharynx 
Caeca slim, containing, in living, active forms, a dark, granular substance, 
which is moved slowly backward and forward m the caeca as if by peristaltic 
waves, and from the presence of which the dilation of the posterior termina¬ 
tion of the caeca may bo observed. 

h'undamcnt of reproductive system a darkly staimng, single or irregularly 
lobulatcd mass, situated in midlmc at postcriormost extremity of forebody 
in preserved specimens. 

Urinary bladder occupies greater part of hindbody, with pair of aaclike 
anterior diverticula terminating as separate lobes at a body level immedi¬ 
ately posterior to hold-fast organ. In stained sections these appear as iso¬ 
lated vesicles occupying a position between the hold-fast organ and the 
reproductive fundament. Two or three diverticula also extend laterad from 
the urinary bladder. Bladders discharge through a short, common duct and 
dorsotcrminal pore, which contracts and relaxes rhythmically. Anteriorly, 
the urinary bladder proper communicates on either side with the lateral 
tubular portion of the reserve bladder. The remaining reserve bladder sys¬ 
tem is essentially the same as described by Hughes (1929). Numerous short 
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branches of the common collecting trunks, and of their tributaries, end as 
blind, ellipsoidal vesicles containing, in living and in certain preserv^ speci¬ 
mens, an ellipsoidal, highly rcfraetile calcareous concretion. Flame cells 
appear in pairs. 

living specimens average 0 825 mm extended, without pressure. Measure¬ 
ments on 16 specimens mounted m toto arc given in Tabic 1. The 16 speci¬ 
mens were chosen at random from those subjected to one of each of the 
different fixatives and stains employed 


Table 1.—Mbasuuembnts (in Millimeters) or 16 
Mounted Specimens op Dtplostomiilum Btrenxa 


Measurement 

Minimum 

Maximum 

Average 

Body 




Length 

0 370 

0 577 

0.482 

Width 

0 192 

0 2HI 

0 243 

Oral sucker: 




Length 

0 044 

0.061 

0.051 

Width 

0 037 

0.047 

0.042 

Pharynx* 

Length 

0 024 

0.051 

0.041 

Width 

0 013 

0 02Q 

0 021 

Acetabulum: 




Jyength 

Width 

0 034 

0 062 

0 048 

0 047 

0 078 

0 065 

Hold-fast organ: 




Length 

0 06R 

0 119 

0 092 

Width 

0 047 

0 081 

0 070 


Behavior —In physiological saline, the animals move by attaching the 
oral sucker to the substrate and contracting the body. The ventral sucker 
next becomes attached, the oral sucker relaxes, and the anterior portion of 
the body stretches forward. Progress is slow When suspended in the liquid, 
the movements differ m that the postenor portions of the body arc al¬ 
ternately flexed on the sides of the body, and extended, without progre^ 
forward in space Light from beneath results in writhing movements 
Host —Siren lacerhna (Linnaeus) 

Habitat —Pericardial cavity, in masses attached near ventricle 
Locality ,—Marshes of Cumberland River, near Nashville, Tenn 
Type specimen —U, S. N. M Helm Coll no. 9284, mounted in toto. 

Dtscuacion —The method and duration of fixation and staining have far- 
reaching effects on the si».‘ and appearance of the mounted specimen, es¬ 
pecially in the relative size of individual structures, Ijateral suckers may, in 
the same species, be either inverted as cuplike depressions, or extended as 
protuberances. The acetabulum becomes elongated transversely. The hind- 
body especially becomes contracted, and the urinary bladder occupies an 
abnormal position in stained specimens. Therefore, great care should be ex¬ 
ercised in the setting up of new species on the basis of minor measurement 
differentials, the condition of the lateral suckers, or of other superficial char¬ 
acters, in stained mounts. Partially to offset these variations, the measure- 
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ments in Table 1 were made on specimeng subjected to one of each of the 
several different techniques employed in this study. 



Fig 1 — Ihplostomulnm mrenu^ ji sp 


Areiabuluni 
Calcareous corpuscle 
Caecum 

Bladder diverticulum. 
Excretory pore 
Granular material in caecum 
Hold-fast organ 
Lateral collecting veHsel 


Lateral sucker 
Esonbagus 
Oral sucker. 

Pharvnx 

Prepharynx 

Keproductive fundament 
Urinary bladder 


D strenis resernblew five other forms found in North America (D. browm 
Hughes (1929), 1) gtga^ Hughes and Berkhout (1929), D. huronense (La 
Rue), described by Hughes and Hall (1929), D. tritun Kelley (1934), and D. 
ambystomae^ descrjl>ed by Rarikm and Hughes (1937)]. Z>, sxrems differs from 
D, brotoni and J). huronense in l)eing larger; from D, aynbystomae in being 
consistently smaller m the stained condition, and longer in living specimens, 
body extended, without pressure It most nearly approaches D gtgas in 
relative of structures, stained. /). strents differs from all these species in 
the presence of paired, antenor diverticula of the urinary bladder, which lie 
just posterior to the hold-fast organ. In this respect it resembles D tntun 
but differs from the latter in relative measurements, which, as pointed out 
above, should not constitute the sole basis for introducing a new species. The 
most notable difference in these two forms is the presence of an additional 
series of conspicuous outpocketings of the reserve bladder in D, tniuri^ re- 
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suiting in a condition of complexity of this apparatus. Two or three similar 
outpocketings only are found in Z). atrenta, and these are confined to the 
urinary bladder proper. D, strenis is, thi'refore, intermediate in complexity 
of the reserve bladder system between D. gigaa, which is without outpocket¬ 
ings, and Z). tnturi, which has many. 

Finally, it is probable that the occurrence of D strenia in the pericardial 
cavity of Siren is a ph}nBiologicaI character of specific importance, since Tn- 
iurua vtndeacens spends four years strictly on land (Reinke and Chadwick, 
1930), while jSiren lacerttna evidently remains, except for short excursions 
in underground burrows, in water where its food supply exists, and in which 
medium it may best respire. 

Whether the hosts were infected before biding placed in captivity is prob¬ 
lematical. Three large Sirens, examined several months previously, did not 
appear to be infected. Opportunities were offered for infection at intcTvals 
during the latter two months of captivity, when snails and insect larvae were 
transferred to the aquarium from marshes where Siren are known to exist. 
Since the latter have not lieen observed to eat snails, infection may have 
arisen from one of at least two possible sources: (1) From the insect larvae, 
by ingestion; (2) from the snails, by swimming of the cercana in the water, 
and entrance into the host via the skin (which is very thick), or via the gills 
or pharynx. Until jD. atrents may be isolated from the blood stream it seems 
logical to assume that the rnetacercaria found in the pencardial cavity prob¬ 
ably arc transmitted to the succeeding host when Siren is eaten by another 
vertebrate. Since the latter is often prey to snakes, the final host may there¬ 
fore be a reptile, although the possibility of Siren being devoured by a bird 
may also exist. 

A study of the life history of each of these closely related forms is indi¬ 
cated, to ascertain their exact taxonomic relationships. 
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Waldemar Lindgren, professor emeritus of geology at the Massachu¬ 
setts Institute of Technology, died on November 3, 1939. He was bom at 
Kalmar, Sweden, on February 14, 1860. He berame interested in ^ology 
and mining at an early age and in 1882 was graduated from the Mining 
Academy at Freiberg, Germany, with the degree of Mining En^eer. In 
1884 he began work with the ifnited States Geological Survey, with which 
he maintained connection for 31 years. In 1905 he was made chief of the 
Division of Mineral Rt'sources of the Geological Survey, in 1908 was placed 
in charge of the Section of Metalliferous Deposits, and in 1911 was ap¬ 
pointed Chief Geologist of the Survey. In 1912 he was appointed William 
Barton Rogers Professor of Economic Geology, and head of the Department 
of Geology, at the Massachusetts? Institute of Technology His book 
"Mineral lX*posits," the first edition of which appeared in 1913, became the 
leading text and reference on this subject throughout the world Other pub¬ 
lications include about 185 titles 

While chairman of the Division of Geology and Geography of the National 
Research Council (1927-28) Dr Lindgren established the Annotated Bib¬ 
liography of Economic Geology, to which he contnbuted (with a reading 
knowledge of at least eight languages) about 2,500 abstracts in a 10-year 
period He was one of the founders of the Journal of Economic Geology (1905 
and served as associate editor. 

Dr. Lindgren received many honors in recognition of his achievements. 
Pnnccton (1916) and Harvard (1935) conferred honorary degrees, and the 
Society of Economic Geologists, TAssociation des Ing^meurs de Li^gc, the 
Geological Society of America, and the Geological Society of London award¬ 
ed him their medals. The American Institute of Mining and Metallurgical 
Engineers issued m tribute to him the Lindgren Volume on Ore Deposits of 
the Western States (1933) He w'as chosen honorary chairman of the Six¬ 
teenth International Geologic Congress hold in the United StaU's in 1933. 

Dr. Lindgren held membership in the Washington Academy of Sciences, 
the National Academy of Sciences, the American Philosophical Society, the 
American Association for the Advancement of Science, the American In¬ 
stitute of Mining and Metallurgical Engineers (honorary life member), tlus 
Mimng and Metallurgical Society of Aunenca (president, 1920), the Geo¬ 
logical Society of America (president, 1924), the TOciety of Economic Geolo¬ 
gists (president, 1922), the Geological ^cicty of Washington, and the 
Geological Society of Baston. He was a foreign member of the Royal Acad¬ 
emy of Sciences of Sweden, the Academy of Engineering of Sweden, the Geo¬ 
logical Society of lAindon, and the Academy of ^ienccs of lA^ningrad. He 
was a corresponding member of the Canadian Institute of Mining and Metal¬ 
lurgy and the Geological Society of Stockholm and an honorary member of 
the Geological Society of Belgium 

In 1886 Dr. Lindgren married Ottolina Allstrin of Gothenburg, Sweden, 
who died in 1929. Lindgren’s stimulating and forceful influence on geologic 
thought is tempered to all who knew him personally by his sympathetic con¬ 
sideration to the viewpoints of others and his kindly and unemotional man¬ 
ner in objections. He possessed an engaging personality and keen sense of 
humor, and together with his great capacity for accomplishment in his vo¬ 
cation he maintained broad interests in history, art, languages, and world 
polities. 
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GEOLOGY .—Placer gold tn Alaska? J. B. Mertie, Jr., U. S. Geo¬ 
logical Survey. 

The study of metalliferous placers, if pursued in its many aspects, 
is a very comprehensive one, because it leads directly into several 
branches of geology and indirectly into the fields of mineralogy, 
metallography, inorganic and physical chemistry and allied topics. A 
lode of some sort must necessarily have existed before a placer could 
be formed. Therefore the local bedrock geology is of primary interest, 
and its investigation calls for petrographic work and possibly the 
study of ore deposits. But usually neither the rocks nor the ores now 
exposed at the surface are exactly like those that existed at the time 
when the placers were formed, so that an understanding of siirficial 
geologic processes is also required not merely to interpret the pre¬ 
existing bedrock geology, but more particularly to decipher the his¬ 
tory and mode of accumulation of the placers. Yet physiography and 
the related surficial earth sciences do not always suffice, becaiise the 
metals contained in many placers were liberated from their bedrock 
sources long before the present surficial features originated. Hence 
stratigraphy and paleontology not infrequently constitute another 
part of the investigation. It is hardly necessary to add that structural 
geology is likewise an essential topic, because the structure of bedrock 
is an important factor in all geomorphic interpretations. And finally, 
certain of the more specialized branches of geology and geophysics 
may enter into the investigation. 

By these remarks it is not intended to imply that the writer has 
made any such comprehensive studies. Unfortunately many reasons 
exist why the gold placers of Alaska have not received such treatment, 
and not the least of these is that the time allocated to such work, both 
in the field and in the office, has been inadequate for investigations of 
such an extended scope. Nevertheless, even casual field examination 
and limited laboratory work, when extended over a considerable pe- 

^ Addrew of the retinng president of the Geological Society of WashiOAton, de¬ 
livered December 13, 1933. Published by permission of the Director, UMlc^oal 
Survey, United States Department of the Interior. Received January 12,1940. 
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riod of years, lead to the formulation of more or less definite ideas; 
and, though such ideas merely point the way toward future investiga¬ 
tions, they may be worthy of statement. 

PHYSICAL AND CHEMICAL PROPERTIES OF QOLD-SILVER ALLOYS 

The physical and chemical data presented below are in no sense 
intended to be a compendium of the mineralogy, physics, and chem¬ 
istry of gold and silver, as an ordinary volume would not suffice to 
cover such a vast field. Instead there will be given certain discon¬ 
nected but .significant data that seem to bear upon the origin and 
accumulation of placer gold. 

Pure gold has not been found in nature. Instead, it is always al¬ 
loyed with more or less silver, together w ith a small proportion of base 
metals, mainly copper and iron, which collectively are designated as 
the dros.s. Gold has been found alloyed with some of the platinum 
metals; and other specialized species, such as alloys of gold and bis¬ 
muth, and natural amalgam have also been deserilied. The purest free 
gold that I have been able to find any record of is a sample of lode 
gold from the Great Boulder Mine, in the Kalgoorlie district of West¬ 
ern Australia, which had a fineness of 099 1 parts gold in a thousand; 
but several samples from the Cripple Creek district are recorded as 
having finenesses of 099. Most of the Australian gold is exceptionally 
high grade, yet the quartz veins of the Wiluna area, of Western 
Australia, have produced the lowest grade of natural gold on record, 
ranging in fineness from 400 to 580 parts gold in a thousand, the re¬ 
mainder being mainly silver Native silver is relatively uncommon, 
Tahlk 1 —Finbnehb of Placer Gold in Alaska 


Flnenwa 

(pKTta cold per Uiouseud) 

Number of «ample« 

FlneneM 

<p«rU gold per thouaend) 

Number of Munplee 

97&*065 

4 

796-786 

27 

965-966 

13 

786-775 

28 

966-946 

33 

776-766 

21 

945-935 

6 

766-756 

17 

935-995 

16 

7««-746 

12 

925-915 

47 

746-736 

4 

915-905 

115 

736-725 

0 

906-896 

122 

726-715 

6 

896-885 

127 

715-706 

1 

886-876 

104 

705-695 

2 

876-866 

119 

695-686 

0 

866 866 

166 

685-676 

1 

856-846 

125 

676-665 

1 

846-836 

101 

666-666 

0 

836-825 

143 

656-645 

0 

825-815 

79 

646-635 

1 

816-806 

87 

635-626 

1 

806-795 

80 

625-616 

1 
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and is usually free of gold. The placer gold so far mined in Alaska 
ranges in fineness from 620 to 973 parts gold in a thousand. Philip S. 
Smith* has recently compiled from the files of the U. S. Geological 
Survey 1,528 assays of the placer gold alloys that have been mined 
in Alaska. Seven additional assays, showing finenesses of less than 
620, are also on record from the Territory, but these are considered 
probably to represent bullion that included man-made impurities such 
as lead shot, solder, and other such materials. This record is presented 
in Table 1. 

The above data are also presented in the form of a frequency curve 
in Fig. 1. The graph was prepared by C. E. Van Orstrand and H. C. 
Spicer, both of the U. S. Geological Survey The following statement, 
prepared by Mr. Van Orstrand, gives the essential facts bearing upon 
the choice of an interpolalion formula, and a summary of the com¬ 
putations. 

The equation, y = ax"e~^*’{bo+bix+htr*) (1) 

is here used primanly as an interpolation formula. In this equation, x repre¬ 
sents the senes of integers, 1,2,3, . . . beginning with 1 at 970. 

The equation, y = (2) 

has been used to represent ]iroduction curves in the oilfields expressed as a 
function of the time * Calculation of the coefficients in (1) has been made 
by first evaluating the constants in (2) and then multiplying the computed 
values of (2) by (5o+l>i®+5sa!*) and solving the product relation equated 
to the observed values of y for the values of bo, bi, and bi All the adjustments 
were made by the method of least squares. 

The results of the calculations show that the sum of the observed values 
(S^o) is 1,524; that of the computed values (Sve) is 1,493. The sum of the 
squares of the residuals (2v*) is 8,423. The first two quantities can be brought 
into closer apeement, and the lost one can be reduced somewhat by making 
a more precise determination of n The modal frequency is za 11.11, or, in 
terms of fineness, 868 9. The computations involved in obtaining this graph 
were performed by Mr Spicer 

The histogram shown in Fig. 1 may possibly suggest to the reader 
that a less regular curve is justified by the numerical data. But the 
1,528 assays, upon which this figure is based, are in reality only a 
small part of the thousands of assays known to have been made upon 
the placer golds of Alaska. Hence the irregularity of the histogram is 
interpreted an a condition due entirely to imperfect sampling, and 
not to any physical-chemical relationship that might be shown in an 
equilibrium diagram. For this reason, a probability curve is believed 
to be the best method of representing the available data. 

■ Smith, Phiup 8 . Ftnentaa of gold from Alaaka placera, U S Qeol. Surv Bull. 
910: in prwaration. 

* Van Orstband, C E. On ihe empartcal repreaenialton of ceriatn produciton 
Journ Washington Aoad Soi 15(2). 1^33 Jan 19,1926 
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From this graph it appears probable that the placer gold alloys 
most commonly mined in Alaska have a fineness of about 870 parts 
gold in a thousand. As the dross seldom exceeds 1 percent, it follows 
that the corresponding content of silver is about 120 parts per thou¬ 
sand. One of the most significant features of these data, concerning 
which more will later be said, is the absence in Alaska or elsewhere in 
the world of placer gold alloys of a fineness much less than 600; and 



Fig. 1,—Frequency curve, showing fineness of placer gold m Alaska 


also the world-wide absence of any gold-silver alloys having a fineness 
of less than 400. 

One of the most ill-defined terms applied to natural gold alloys is 
the term electrum. According to Rose and Newman,^ electrum means 
pale yellow natural alloys of gold and silver containing 15 to 35 per¬ 
cent of silver; but Dana‘ mentions two species of electrum containing 
over 38 percent of silver; whereas Lindgren* restricts electrum to an 
alloy containing 50 percent of silver. According to the first definition, 

* Robb, Sir Thomab K , and Nbwuan, W. A C The metatturgy cf gold, ed 7, 
p 4H. 1037. 

' Dana, Jambh W The tyeUm of mineralogy, td 6 , p 16 1014. 

' Lindorkn, Wai.dbuar Mineral deponte, ed 2, p 220 1010 
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if 1 percent of the alloy is allocated to dross, all natural gold alloys 
in the range of fineness between 840 and 640 parts gold in a thousand 
should be classified as electrum; and therefore about one-third of the 
natural gold alloys of Alaska arc electrum. If the pale yellowish color 
is an indispensable part of the definition, many of the Ala.skan alloys, 
in the range from 840 to 640 fineness, are not necessarily electrum. An 
increasing percentage of silver docs modify the color of a gold-silver 
alloy, and the color of an artificial alloy containing 50 percent of 
silver is actually a faint yellowish white. But I suspect that the nat¬ 
ural alloys that the ancients designated as electrum owed their pale 
color as much to elements of the dross as to their content of silver. 
Therefore, although the term electrum is of historical interest, it does 
not seem that it belongs in a handbook of mineralogy as a species or 
variety of the natural gold alloys, unless it is given a more exact chem¬ 
ical definition than it now has. 

Many elements, usually in small quantities, have been found to 
form a part of the natural gold-silver alloys. Such acpe.ssory metals 
usually constitute from a half of 1 percent to 1 percent of the alloys. 
Copper and iron are the principal metals of the dross, but the ratio 
of these two elements to one another is extremely variable, such that 
either of them may preponderate greatly over the other. Yet a sum¬ 
mation of the chemical analyses of gold, given by Hiiitzo,’ show's 
that the average quantities of copper and iron in the natural gold- 
silver alloys, is nearly equal. Small (piantities of a number of other 
elements have also been detected in placer gold by chemical analysis, 
and doubtless traces of still others may lie found by spcctrographic 
analysis. The principal accessory metals that have been recognized by 
chemical analysis of the natural gold-.silvcr alloys, are zinc, mercury, 
tin, lead, antimony, bismuth, nickel, cobalt, rhodium, palladium, 
iridium, and platinum; and of these all but antimony, bismuth, co¬ 
balt, and rhodium have been identified chemically in the placer 
golds of Alaska. 

The physical properties of the natural alloys of gold and silver, 
ordinarily designated as free gold, are given scant consideration in 
books on mineralogy and economic geology; and some quite erroneous 
statements have been published. Thus in a recently published hand¬ 
book it is stated that “gold is a yellow malleable metal with a specific 
gravity from 15.6 to 10.3, and a melting point at about 1,062” C.“ 
Pure gold does have the melting point stated, but its specific gravity 

’ HiNTiBp Carl //andbucK der Minnalogte 1: 316-3M 1904 
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is not to any considerable degree variable, being approximately 19.3 
to the nearest digit in the first decimal place. And if the author’s de¬ 
scription referred to natural gold alloys of variable composition, then 
their melting points were not 1,062“ C. Moreover, natural allo 3 r 8 of 
gold and silver are known that have specific gravities as low as 12.6 
instead of 15.6. Hence the whole statement is erroneous. 

The physical properties of gold and silver are well known and are 
carefully tabulated in reference books such as the International Criti¬ 
cal Tables. But in this paper ifis the natural alloys of gold and silver, 
rather than the pure metals, that are being discussed. Therefore, for 
present purposes, the following short tabulation of the physical prop¬ 
erties of pure gold and pure silver will suffice: 

Tablb 2 —Physical Propbrtibm ok Gold and Silver 


Properijr 

Gold 

Silver 

Atomic weight 

107 2 

107 0 

8peclho gravity 

Melting point ("C) 

Boiling point rC) 

KurdncBa (Mon's scale) 

10 3 

10 5 

1063“ 

900* 

2600“ 

1050“ 

2 5 

3 0 

Electrical resistivity Ohms per pm'at 20®C j 
Magnetic ausceptibihty (muss unit) at 
18** C 

Thermal coefficient of linear expansion at 
20“ 0 

2 4X10"« 

1 HX10-* 

-0 ir>xio-« 

-0 20X10-* 

14 2X10 • 

18 0X10-* 

Crystallography 

Faee-ccntcrcd cubic 

Face-centered cubic 

space lattice 

space lattice 

I.ength of Hide of cubic lattice (rm) 

4 07X10-* 

4 08X10-* 

Atomic radius (cm) 

1 44XI0-" 

1 44X10“* 

Workability 

Very mullpablc and Very malleable and 

ductile 

1 

1 ductile, but lesa so 

1 than gold. 


Placer golds are v\ell known to be natural alloys, principally of gold 
and silver, but judging from published descriptions little is known of 
their true nature Much investigative work, to be sure, has been done 
on artificial alloys of different metals, including gold and silver, but 
even this information does not appear in our textbooks on mineralogy. 
In dry melts, gold and silver are continuously miscible in all propor¬ 
tions, like alcohol and water, and remain so after solidification, form¬ 
ing a solid solution analogous to albite and anorthite. llaydt* has 
studied the binary system of gold and silver, and has derived an 
equilibrium diagram, relating composition to temperature, which is 
shown in Fig. 2. 

This diagram shows continuous solidus and liquidus curves, with¬ 
out maximum or minimum points. It should also be emphasized that 
' Ravdt, U Ohtr QM-Silherltgttrungtn Zeitaohr. anorg. Chemie 75 : 68-62 
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gold and silver, as well as all other metals that have solidified from 
dry melts, exist as crystallites, usually in allotriomorphic aggregates. 
These crystallites, in any one alloy, do not nece8.sarily have the same 
chemical composition, nor, in fact, is any one crystallite necessarily 
chemically homogeneous. 

Copper and iron, however, the principal metals of the dross, behave 
differently, when melted with gold and silver. Copper, for example, is 
miscible in all proportions in the liquid state, either with gold or with 
silver, and forms a solid solution with gold in the solid state; but cop¬ 
per and silver have limited ranges of miscibility in the solid state, 
from 0 to 5 percent and from 95^ to 100 percent copper. Iron, on the 



Fig 2 —Equilibrium diagram fur artificial gold-silver alloys 

other hand, shows unlimited miscibility with gold in the liquid state* 
but complete immiscibility with silver; and in the solid state, alpha 
iron at 20° C shows solid solution with gold in the ranges from 0 to 
20 percent, and 82 to 100 percent iron, whereas with silver iron is 
completely immiscible in the solid state. 

The phase relations shown by Raydt’s equilibrium diagram, and 
additional phase relations known to exist betw'een binary and ternary 
systems of gold, silver, copper, iron, and other elements studied in 
artificial melts, do not necessarily hold for natural alloys, because the 
effects of still other components, such as quartz, water, base metals, 
and the so-called mineralizers have not been evaluated. It seems 
likely, however, that the relationship observed in dry melts will in 
some measure, perhaps in large measure, apply to the natural alloys 
of gold and silver; and for this reason placer gold should be considered 
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to be altogether or in large part a solid solution of crystalline gold and 
silver, with small quantities of other metals, in unknown phase rela¬ 
tionships. Yet certain significant differences between natural and 
artificial alloys have been observed, which seem worthy of emphasis. 

If any two metals were completely immiscible in the solid state, so 
that they solidified as individual grains in a eutectic or mechanical 
mixture, it should be possible from a chemical analysis to compute 
those physical properties such as specific gravity, which are functions 
of additive quantities like mass and volume. But gold and silver crys¬ 
tallize from dry melts as solid solutions, or, if you will, as atomic mix¬ 
tures; and if the natural alloys of gold and silver are likewise solid 
solutions, it should not be possible from chemical data alone to com¬ 
pute their specific gravities. This is found to be true. But it is a matter 
of considerable interest to assume that the eutectic relationship holds, 
and to compute, either from artificial mixtures of known weights of 
gold and silver or from chemical analyses of the natural alloys of 
these two metals, the specific gravities that should result. These the¬ 
oretical values can then be used as standards, with which to compare 
the respective alloys, in order to determine whether the latter show 
contraction or expansion in volume, and the order of such changes, 
as compared i\ith mechanical mixtures of the two components. For 
artificial alloys of gold and silver, this has been done by Matthiessen* 
and by Hoitsema.*** The specific gravities have also ticen computed 
theoretically by McKeehan" from X-ray analysis 

The molecular composition indicated by Matthiessen and Mc- 
Keehan were converted to percentages of gold and silver by weight, 
to correspond with the form of the ratios given by Hoitscma. From 
these ratios, and from the specific gravities of the pure gold and pure 
silver used by these three men, the specific gravities and specific 
volumes were then computed, which should exist if the two compo¬ 
nents were mechanically mixed. The differences between these specific 
volumes, and those found by actual measurement or by X-ray analy¬ 
sis, were then compared, giving a column of differences which show 
whether volumetric contraction or expansion took place. All these 
data are shown in Tables 3-5. 

An adjusted graph of the specific gravities, utilizing the data of 
Matthiessen, Hoitsema, and McKeehan has been published in the 

* Matthikssbk, a On ih€ tp^cific gramty of aUayo. PhiloB. Trana Roy, Soc 
London ISO: lft3. 1850. 

Hoitsbma, C D%o DichU von Ooidkupfer und OoldnlborUgterungen, Zeitaohr. 
anoi^ Chemie 41: 06-67. 1004. 

McKbbban, L W. The eryetal etrudwre <d‘ nlver-palladtum and eilper^M aUoya, 
Phya Rev. (aer 2) 20: 420 
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Tabli 3 — SpBciric Qbavitibb and Spbcipic Voldmbb or AnTiriciAL Allots 


Compodtioni 

Bpee. Qrav * 
(true) 

Bpee. Qrav 
(computed) 

Spec Vol 
(true) 

Bpee. Vol 
(oomputed) 

8m Vol 
(duereneea) 

Au 

AU(Ar 

19.266 

18.041 

17 099 

0 05543 

0 05556 

+0 00013 

AuiAg 

17 640 

17 403 

.05701 

06717 

+ .00016 

AuiAg 

16 364 

16 316 

06115 

06120 

+ 00014 

AuAr 

14 870 

14 847 

06725 

06735 

+ .00010 

AuAgi 

13.432 

13 383 

.07446 

07472 

+ 00027 

AuAg4 

12 267 

12 216 

08169 

08187 

+ 00028 

•AuAgi 

11 760 

11 715 

08503 

08536 

+ 00033 

Ag 

10 468 






I Atomie wei^ta of 107 and 106 were wed by Matthienen In determlnini the peraentacee of inld and ailver 
ID the apedBed alloyB 

■ Bpeolflo gravity deiermlnalloiui by A MatthioBBcn 

■ Owing to a typogmphie orror, thU reada AuAgi in the origlna] paper 


Table 4 — Specific Guavitieb and Specific Volcicss or ABirriciAL Alloyh 


Peru per thouaand | 

Bpee. Qrav ^ 
(true) 

spec Qrav > 
j (iromputed) 

8peo Vol 
(true) 

Bpee Vol 
(oomputed) 

Spec Vol 
(differeneee) 

Au 

Ag 

1000 

0 

19 26 

_ _ 


_ 

_ 

_ 

917 

83 

18 08 

18 000 

05531 

05556 

+0 00025 

843 

157 

16 96 1 

17 009 

05896 

.0.5879 

— 

00017 

760 

250 

16 03 ! 

15 907 

06238 

06287 

+ 

00049 

607 

333 

15 07 1 

15 038 

06036 

06050 

+ 

00014 

583 

417 

14 24 1 

14 250 

07023 

07018 


00006 

500 

600 

13 60 

13 549 

07353 

07381 

+ 

00028 

417 

583 

13 00 

12.013 

07692 

07744 

+ 

00042 

333 

667 

12 38 

12 328 

08070 

08112 

+ 

00042 

250 

750 

11 78 

11 799 

08489 

08475 


00014 

167 

833 

11 28 

11 314 

08861 

08839 

— 

00022 

0 

1000 

10 45 

— 


“ “ 

— 

— 


■ SpedAo gravity determinationa bv C HoitMroa 

■ A number of eorreotiona were made in the apeeiAegfayitlea and apeaBe voJumea eomputedby HcntaMna. 


Table 5—Specific Gravitibb and Specific Volumes or Artificial Alloys 


(TompoeitjOBi 

Bpee Qrav* 
(X-ray) 

Bpee Grav 
(oomputed) 

1 Bpee Vol 
; (X-ray) 

Bpee Vol 
(oomputed) 

Bpee. Vol 
(dffferenoea) 

Au 

19 24 

- __ 

_ 


___ 

AuiAg 

18 24 

18 365 

05482 

05445 

-0 00037 

AuiAg 

17.44 

17.490 

05734 

05718 

- 00016 

AuiAgi 

16.06 

16 615 

06227 

06010 

- 00208 

AUiARi 

15 31 

15 740 

06623 

06353 

- 00179 

AuAg 

14 74 

14 865 

06784 

.06727 

- 00057 

AuiAgi 

13.60 

13 990 

07407 

07148 

- 00269 

AuAgi 

Ag 

11 03 
10.40 

12.240 

08382 

08170 

- 00212 


1 Atomlo weiiAta of 107 2 and 107 88 were uaed by MoKeeban In determining the pereentagea of gold and 
ailvor In the apedK^ alloya 

I X-ray Gfaaervalioni and denved apedfio gravitlea by L W MeKedian 


International Critical Tables.'* This, with some corrections, is shown 
in Fig. 3. 

** InlernatMnal enitcal tablet of numeneal data. Pkynet, ehemittry and technology 2: 
S90 1927. 















102 JOURNAL OF THE WABHIKOTON ACADEMY OF SCIENCES VOL. 30, NO. 3 



Fig 3.—Adjluted curvei showing specific gravities of artificial gold-silver alloys 
SB obtained by MatthiessenO, HoitsemaA, and McKrchan# 

The computation of the specific gravity of a binary alloy from 
its chemical composition, if the two components are considered to be 
mechanically mixed, is simply done by means of the following formula: 

^ Ml + Mi Mi + Mt ^iMi + Mt) SiSt 
^ Vi + V, ^>-5, + MiSi 

Si St 

where Mi and Mt are the weights, and Si and St are the corresponding 
specific gravities of the two components. To compute the specific 
gravity of a n-ary alloy from its chemical composition, upon the 
assumption that all the components are mechanically mixed, the 
above formula has been expanded to read as follows: 

^ (Wi Mt + Mt + + Mn) (SiStSt Sn) 

(MiStStSt Sm) + (MtSiStSi Sn) + (^MtSiStSi • S») + • • 
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1 

• - + • S.^n-lSn) + (Mr-xSlSt Sn-^n~lSn) + 

1 


+ {MnSlSi Sn-tSn-tSn-l) 

Now let us apply this formula to four complete chemical analyses of 
placer gold alloys from Alaska, which have recently been made in the 
laboratory of the U. S. Geological Survey. These are presented in 
Table 6. 


Table 6 —Analtbbb or Placbb Gold From Alaska 


ConatltiHfit 

1 

2 

3 

4 

Gold 

83 90 

80 50 

87 .53 

02 60 

Silver 

10 42 

18 21 

II 12 

6 10 

Platinum 

01 

20 

28 

42 

Iridium 

Palladium 


02 

0.5 

trace 

trace 

Lead 


00 

07 

.08 

Mercury 


10 

0.5 

' 02 

Iron 

Nickel 

1 02 

007 

08 

07 

07 

Copper 

002 

03 

01 

04 

Zinc 


04 

03 

01 

Tin 


trace 

trace 

trace 

SiOi 

SiQs. AliOi, and CriOs 
Insoluble in aqua regia 

432 

1.67 

.43 

40 

77 

i 

Totals 

97 401 

99 76 

99 01 

100 26 


1 Squirrel Creek, OoodnewB Bay district, southweBtem Alaska £ T Enckson, 
analyst 

2 Seventymile River, E^le distnet, east-central Alaska R E Stevens, analyst 

3. Fourth of July Creek, Engle district, eaBt-central Alaska R E Stevonn, analyst 

4, Woodchopper Creek, Cirde district, east-central Alaska R E Stevens, analyst 

When the specific gravities of these four samples are computed, 
upon the assumption and with the formula above given, some anoma¬ 
lous results appear. These are given in Table 7. 

Table 7 —Specific Gravities and Specific Volcmbb of Placer Gold from Alaska 


Sample 

No 

8p«o Grar 
(true) 

spec OruT. 
(computed) 

Spec Vol 
(true) 

Spec Vol 
(oomputed) 

Spec Vol 
(differenoee) 

1 

13 32 

17 43 

0 07508 

0 05737 

-0 01771 

2 

15 18 

16 69 

06588 

05902 

- 00596 

3 

16 00 

17.61 

06250 

05679 

- 00671 

4 

15 87 

18 31 

06301 

06461 

- 00840 


The experimental work by Matthiessen shows that when pure gold 
and pure silver are melted together in definite proportions, there re¬ 
sults a contraction in volume of small magnitude, regardless of the 
proportions of the two metals. Iloitsema’s results show both a con- 
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traction and an expansion of volume, for different compositions, but 
the differences between the true and computed specific gravities are 
at least of the same order of magnitude as those found by Matthies- 
scn. The results obtained from McKeehan’s data are not strictly com¬ 
parable with those obtained by Matthiessen and Hoitsema but are 
given for the sake of comparison. When the same computations are 
made from chemical analyses of placer golds, as shown above, there 
results an expansion in volume, of large and variable magnitude. 
Parenthetically it may be added that sample no. 1 is held by a strong 
electromagnet, although both gold and silver are diamagnetic. The 
reEison for these differences between the artificial and natural alloys 
of gold and silver is not known, but there seem to be ample grounds 
for suspecting that complex phase relationships may exist. If this is 
true, a careful study of placer gold by physical and chemical methods 
is needed, in order to discover the present compositions of such alloys, 
both in hulk and in crystallites or grains of microscopic dimensions. 
A knowledge of the present physical and chemical conditions of these 
alloys should also lead to a better understanding of the temperatures, 
pressures and other conditions that existed in gold-quartz veins at 
the time of their formation. 

The solubilities of the natural alloys of gold and silver in inorganic 
acids also have a bearing upon their occurrence in nature, both in 
their bedrock habitats and in their subsequent occurrence in placers. 
Gold is not appreciably attacked by any single acid except selenic acid 
(H|Se 04 ), but it dissolves readily in solutions generating the nascent 
halides, and therefore in aqua regia. Silver, on the other hand, is dis¬ 
solved by boiling concentrated sulphuric acid, by dilute nitric acid 
and by hydriodic acid, and is attacked by all the halides, by warm 
selenic acid, and to a very slight extent by hydrochloric acid in the 
presence of oxidizing agents. Silver has also been shown to be slightly 
soluble in distilled water, to the extent of 3.7 X 10~* grams per liter. 
But just as the physical properties of the alloys of gold and silver can 
not bo directly inferred from the physical properties of the two pure 
components, so the solubilities of these alloys are not linear functions 
of the solubilities of pure gold and silver. 

One profitable line of investigation in connection with the study of 
gold placers would be a study of the solubilities of artificial and 
natural gold-silver alloys in the inorganic acids and other solvents 
that might be expected to occur in surface and ground waters. At 
present the most suggestive fact of this sort results from the well- 
known process of quartation, or inquartation (as it is sometimes 
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called), which has been iised for over 600 years for parting silver from 
gold-silver alloys. Natural gold alloys are not attacked either by 
nitric or sulphuric acids, but if a sufficient amount of silver is added 
to the alloy, practically all the silver can then be dissolved by nitric 
acid at a temperature of 115° F. Essentially the same result is ob¬ 
tained by the use of sulphuric acid. The really interesting feature, 
however, is the fact of the limits of partial and complete solubility; 
and these are shown in the accompanying diagram, taken from 
Tammann’s“ work. (See Fig. 4.) 



Fig 4 —Sketch showing amounts of silver dissolved by nitric acid 
from artificial gold-silver alloys 

The fact particularly to be noted in this diagram is that no silver 
can be dissolved by inorganic acids from an artificial gold-silver alloy 
having the general composition of placer gold, because the high con¬ 
tent of gold renders them practicidly insoluble. What would be the 
probability, then, that any appreciable amount of silver could be dis¬ 
solved from placer gold by cold surface waters? Further reference 
will later be made to this topic. 

OBOORAPHIC DISTRIBUTION OF GOLD PLACERS IN ALASKA 

It is not the purpose of this paper to tabulate and describe the gold 
placers of Alaska, though such a compilation might indeed be a useful 

II Tank ANN, Gustav A textbook of metaUography, ed 3, p 314 1926 (Trans- 

Utfld from the German by R S Dean and L Q Swenson.) 



100 JOURNAL or THE WASHINGTON ACADEMY OF SCIENCES VOL. 30, NO 3 

piece of work. Instead, the writer aims principally to point out the 
known facts that have a bearing upon the origin and accumulation of 
such placers; and in order to accomplish this objective, geographic 
references will be made only secondarily. 

The principal fact to be noted regarding the geographic distribution 
of gold placers in Alaska is that all the really important deposits occur 
in the unglaciated part of the Territory. (See Fig. 5.) This unglaciated 
placer-bearing region lies north of the Alaska Range, south of the 
Brooks Range, and extends westward and southwestward to the 
Arctic Ocean and Bering Sca.^^ To bo sure, several small placer camps 
are located south of the Alaska Range, but these in toto produce no 
considerable part of the placer gold mined in Alaska. Granitic rocks, 
which are considered to be the ultimate source of most of the placer 
gold, arc widely distributed in Alaska south of the crest of the Brooks 
Range, and therefore no a priori reason exists why lode and placer de¬ 
posits should not have coexisted north and south of the Alaska Range 
before the beginning of the Ice Age, and doubtless this was true. But 
glacial action in the Alaska Range and coastal ranges, and seaward 
therefrom, was so severe that the country rock was largely denuded, 
thus eroding and dissipating most of the pre-Quaternary alluvial de¬ 
posits. In general, there has been insufficient time and erosive action 
since the retreat of the ice to produce new gold placers from bedrock 
sources. But at some localities in the glaciated regions, auriferous 
glacial deposits have been reconcentrated by Recent streams, thus 
producing workable placers; and, in fact, at one locality in the Cache 
Creek district, a glacial deposit has constituted a low grade placer. At 
other localities in southern Alaska there remain remnants of pre¬ 
glacial placers, which were located in valleys that were transverse to 
the principal flow .lines of the ice, or were otherwise protected from 
glacial scour. These explainable exceptions in no way vitiate the 
general rule that the important placers are restricted to the unglaci- 
ated part of Alaska. 

Most of the workable gold lodes, however, lie south of the Alaska 
Range, or in southeastern Alaska southwest of the Coast Range, 
though a number of small gold lodes have been discovered and are 
being mined in the unglaciated region of interior Alaska. The mean¬ 
ing of this distribution of the gold lodes is less apparent, but it is 
possible that the denudation of bedrock by glaciation has been an im¬ 
portant factor favoring the discovery of lodes in southern and south- 

** Cappr, &ripHRN R. OUuuUion tn Ala$ka, IT. 8. Geol Surv. Prof. Paper 170-A, pi 

1 1AOI » r 




Localixation of gold placers in unglaciated areas of Alaska 
















108 JOURNAL OF THX WASHINGTON ACADEMY OF SCIENCES TOL. 30, NO. 3 


eastern Alaska. On the other hand, the heavy cover of residual and 
eluvial deposits in interior Alaska has certainly been a handicap to 
lode prospecting, and this may be an important factor in their ap¬ 
parent scarcity in that region. 

CLASSIFICATION OF GOLD PLACERS 

A complete classification of gold placers is beyond the scope of this 
paper. There are probably types of placers with which the writer is 
not famihar, and there arc certainly some, such as aeolian placers, 
that have not been recognized in Alaska. The following simple classi¬ 
fication, therefore, aims mainly to tabulate the kinds of placers that 
are known in Alaska: 

I Romdual and eluvial placers. 

II. Fluviatile placers. 

A. Recent stream placers 
B Ancient .stream placers. 

1 Bench stream placers 

2. Buried stream placers. 

3. Compound stream placers 
C. Hard rock sedimentary reefs. 

III Glaciofluviatile placers 

IV Beach placers 

A. Recent lieach placers 
B Aneient beach placers 

1. Elevated beach placers. 

2. Buried beach placers 

Residual and eluvial placers are those that have been formed in or 
almost in situ, as a result of deep residual alteration and disintegra¬ 
tion of a gold-bearing bedrock. Placers of this type are geographically 
uncommon and arc of small economic significance in Alaska. No sharp 
distinction can be made between residual and eluvial placers, and in 
fact it is doubtful whether a truly residual deposit can be said to exist, 
because this would imply an almost total absence of lateral movement 
of the gold-bearing detritus, and a concentration largely by chemical 
removal of rock constituents, and a downward segregation of gold to¬ 
ward bedrock. For this reason these two types are grouped into a sin¬ 
gle class. Perhaps the beat example of combined residual and eluvial 
placers in Alaska is in the Iditarod district, where a mass of monzonitc 
forms the country rock along a divide at the head of several streams, 
notably Flat Creek. This monzonite is cut by many small seams and 
stringers of gold-bearing quartz, some of which have been exposed by 
mining operations. At this locality deep residual alteration of the 
monzonite has taken place, and by the combined action of gravity, 
frost-thrusting, and ground water a great volume of loosened and dis- 
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integrated bedrock is slowly moving downhill into the adjoining val¬ 
leys. Some of this material might possibly be classed as a residual 
placer, but another part, which has clearly migrated down the slopes 
of the ridge but has not yet been handled by running surface water, 
is a good example of an eluvial placer. 

Most of the commercial placers of Alaska are of the fluviatile type. 
These have been divided upon the basis of their relative ages into 
present and ancient stream placers, but in this connection a sharp 
distinction must be made between the age of the present stream grav¬ 
els, and the age of the alluvial gold contained in them. In speaking of 
southern Alaska, it was stated that sufficient time had not elapsed 
since the retreat of the ice for the present streams to erode from bed¬ 
rock sources, and to concentrate workable gold placers. This is be¬ 
lieved also to be true in interior Alaska, but postglacial and Recent 
time in Alaska arc not necessarily synonymous terms, and the term 
Recent may connote a longer interval of time, at least at some locali¬ 
ties, than the term postglacial But a more important consideration is 
that a large volume of already disintegrated debris, and also older 
placers, have been continuously available to the Recent streams of 
interior Alaska, throughout their life history, licnee Recent placers 
do really exist in interior Alaska, though it is doubtful whether any 
considerable part of the gold contained m them was eroded from bed¬ 
rock in Recent time. Recent placers must therefore be defined as plac¬ 
ers in which the component gravels have been moved to their present 
sites during a single erosional cycle, controlled by a nearly static base 
level of erosion, and within the Recent epoch. Many examples of 
Recent stream placers could be cited, but their common occurrence 
renders this unnecessary. Ciencrally speaking, the Recent stream 
placers are of less economic value than the older fluviatile placers. 

The ancient stream placers consist of gold-bearing fluviatile gravels 
that were deposited during one or more cycles of erosion preceding the 
last one. Such placers are arbitrarily divided into bench and buried 
placers, upon the basis of the altitude of their underlying bedrock, as 
compared with the altitude of the bedrock lying below a body of ad¬ 
joining stream gravels. Bench placers arc commonly developed as the 
result of a renewed cycle of erosion, in Bhich the local base level of 
erosion is lowered at a rate greater than the rate at which a stream can 
lower by erosion its preexisting valley floor. If this occurs, there will 
remain uneroded remnants of the old bedrock floor, covered by more 
or less alluvial material at altitudes appreciably higher than the bed¬ 
rock and alluvium of the new valley floor. Such uneroded remnants of 
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auriferous alluvium constitute true bench placers. If, however, the 
rate of lowering of the local base level of erosion is equal to or less than 
the erosional rate of the stream, the older bedrock surface will be con¬ 
currently lowered and its overlying cover of alluvial material will be 
continuously reworked, in such a manner that neither bedrock nor 
alluvial terraces will be evolved. The same result more frequently ma¬ 
terializes as a result of variable rates of the two functions, so that 
terraces have been formed and subsequently destroyed, leaving little 
or no trace of their former existence. In such cases the gold is really 
ancient bench gold, but the gravels now containing it are Recent 
placers. Similarly, however, the gold of the pre.sent bench placers may 
have rested temporarily for considerable periods in still older placers. 
Many splendid examples of true bench placers occur in the Fortymile 
district. On the other hand, Mastodon Creek, in the Circle district, is 
a good example of a valley in which the terraces were destroyed al¬ 
most as fast as they were created. 

Buried placers are those that resulted from an elevation of the local 
base level of erosion, or from other causes such as aeolian action, so 
that ancient auriferous gravels that formerly constituted a valley 
floor were progressively buried by a general alluviation. In a certain 
sense, all placers are buried placers because erosion in the headwater 
part of a valley can take place contemporaneously with alluviation in 
its lower stretches, even during an erosional cycle initiated by a lower¬ 
ing of the local base level of erosion. But the term buried placers is 
here used to designate gold-bearing alluvial deposits which were 
formed in an erosional cycle that antedated the cycle during which 
they were buried. Unlike bench placers, buried placers can not be 
simultaneously created and destroyed, for theoretically in the sites 
of buried placers, erosion of bedrock is nil, though it will continue to 
exist in the headwater parts of a valley unless or until aggradation 
reaches that far upstream. Some of the placers of the Fairbanks dis¬ 
trict are examples of buried placers, but for the most part they are 
more completely described as compound placers, because they have 
been materially affected by one or more erosional cycles that post¬ 
dated their burial. 

Compound stream placers comprise many gold-bearing aUuvial 
deposits, which on gcomorphic grounds could be divided into an al¬ 
most endless number of species. The development of these subordi¬ 
nate types is a function of the number and character of the variations 
in the local base level of erosion, and also of the rate of change of such 
variations; and these factors, in turn, are functions of simpler ones. 
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which often are still too complex for simple exposition or analysis. The 
placers of the Livengood district, to take a relatively simple example, 
were at one stage in their development buried placers. As a result of 
an elevation of the base level of erosion, accompanied by extensive ag¬ 
gradation, Livengood Creek was superposed onto one side of its old 
valley wall. By a subsequent lowering of the base level of erosion, a 
new valley floor was carved contiguous to the old valley floor, but 
separated therefrom by a bedrock reef. Finally the new valley floor 
w'as so greatly eroded that the altitude of its bedrock floor became less 
than that of the old bedrock floor, whereupon the old buried placer 
came to have the general appearance of a bench placer. Similarly 
bench placers can be rebuilt to simulate simple buried placers; bed¬ 
rock terraces may be evolved which are younger than their contiguous 
valley floors; and in the geologic interval ordinarily considered to 
comprise the geomorphic record, these and other anomalous processes 
may be several times repeated. Consequently compound stream plac¬ 
ers are as difficult to classify as sedimentary rocks, and at present 
their characteristics are much less well known. Many of the ancient 
placers of interior Alaska are compound placers, but at few places 
have their complete histories been deciphered. 

Alaska contains no auriferous hard-rock reefs of economic value, 
similar to the Witwatersrand deposits of South Africa. But Tertiary 
sedimentary rocks carrying sparsely disseminated gold, occur south 
of the Yukon River in a narrow belt extending from the international 
boundary west-northwest for more than 100 miles. The conglomerates 
that constitute a part of this sequence of rocks have clearly acted as a 
proximate source of the gold now contained in the bench and stream 
placers of this general district. Thi.s belt of Tertiary rocks is the best, 
though not the only, example of auriferous hard-rock reefs known in 
Alaska. 

Glacial action tends to dissipate, rather than to concentrate, the 
heavy metals and minerals, but few glacial deposits are altogether free 
of the effects of running water. Some glaciofluviatile deposits, however, 
arc fairly well sorted, and except for their original heterogeneity are 
not especially different from normal stream deposits. Hence if glacial 
and more particularly glaciofluviatile deposits were derived from a 
gold-bearing bedrock, and were not too far removed by glacial action 
from their original sources, the glacial dissipation of the gold might 
be small enough to render such deposits workable as placers. One of 
the best examples of a glaciofluviatile placer conforming to these 
conditions may be seen on Bird Creek, in the Cache Creek district. 
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If gold-bearing rocks occur close to a body of standing water large 
enough to produce marked wave action along its bounding beaches, 
gold placers may be formed by the sorting action of the waves. The 
formation of such beach placers, however, is often aided by the prior 
concentration of gold as fluviatile placers in valleys which discharged 
to the sea. Beach placers are known in Alaska at a number of locali¬ 
ties, but the richest and best known of these arc at Nome, bordering 
upon Norton Sound. Here are found Recent beach placers and ancient 
ones, the latter including both the elevated and the buried types. 

The conditions at Nome can best be understood by visualizing a 
sloping foreland, with a width of more than 3 miles, w'hich lies be¬ 
tween low hills to the north and Norton Sound on the south. Within 
this foreland, the bedrock is covered by alluvial deposits ranging in 
thickness from 30 to 120 feet, and of these the lower few feet super¬ 
jacent to bedrock are beach gravels, mainly of Pliocene age. The over- 
lying deposits are both maruie and terrigenous in origin, the terrige¬ 
nous deposits lying for the most part closer to the hills. Starting 3 miles 
from the sea, a bedrock profile drawn southward toward the sea shows 
an initial altitude of about 70 feet above sea level, but passes below 
sea level about three-fourths of a mile north of the present beach. At 
the north end of this bedrock profile is a nearly vertical cliff, 12 to 14 
feet high; and here there exists an alluvial cover about 85 feet thick, 
of which the lower 3 to 5 feet are Pliocene beach gravels, whereas the 
overlying material consists mainly of terrigenous deposits of Quater¬ 
nary age. From the base of this cliff, bedrock slopes gently and gradu¬ 
ally southward to and beyond the present strand line, and upon this 
sloping surface are a number of sites at which pronounced concentra¬ 
tions of gold were effected by an advancing Pliocene sea. Without cit¬ 
ing the local names of these successive sites, it suffices to state that 
there are five such beaches on bedrock, of which the two most south¬ 
erly, which lie below the present level of the sea, are the oldest; 
whereas the other three, which are above the present sea level, are 
progressively younger to the north, the youngest being at the base of 
the above-mentioned bedrock cliff. As the sea subsequently retreated, 
another auriferous beach was formed about half a mile from the sea, 
but not on bedrock; and finally, the present auriferous beach was 
built. From the fossil record, the sixth (non-bedrock) beach is also of 
Pliocene age, so that a long record of Pleistocene marine sedimenta¬ 
tion appears not to be present in this area. This conforms with con¬ 
ditions found elsewhere along Bering Sea, which point to the presence 
of a strand line far seaward of the present strand line, during a large 



Mar. 16,1040 


ICRRTIE: placer gold in alarita 


113 


part of Pleistocene time. From these general conditions, it is easily 
understood how and why there occur at Nome present, ancient ele¬ 
vated, and ancient buried beach placers. 

bedrock sources 

The natural gold-silver alloys of Alaska are associated, either di¬ 
rectly or indirectly, with granitic rocks, or with their surficial equiv¬ 
alents; and the general term granitic rocks is here used to include 
granite, monzogranite, quartz monzonite, granodiorite, and quartz 
diorite, together with their quartz-poor equivalents. Few if any quartz- 
free granitic rocks appear to be genetically associated with gold, but 
there are some, such as the monzonite at the head of Flat Creek, in 
the Iditarod district, that are distinctly low in silica. 

Granitic rocks of several ages have been identified in Alaska. The 
oldest of these is a pre-Cambrian formation called the Pelly gneiss, 
which occurs in east-central Alaska and consists dominantly of mas¬ 
sive augen gneiss grading into feld.spathic quartz-mica schist. Cock- 
field,” of the Canadian Geological Survey, impbes though he does not 
definitely state, that some part of the placer gold of the Sixtymile 
district, of Yukon Territory, is genetically related to the Pelly gneiss, 
but no evidence of such a relationship has so far been discovered in 
Alaska. 

The granitic rocks of the Coast Range and the Alexander Archi¬ 
pelago of southeastern Alaska, of the coastal ranges of southern 
Alaska, of parts of interior Alaska, and of the Brooks Range of north¬ 
ern Alaska are considered to be mainly of Mesozoic age. It is believed, 
however, that these granitic rocks range in age from Middle Jurassic 
to Lower Cretaceous, being emplaced in more than one geologic epoch 
and probably in several stages. The granitic rocks of the Coast Range, 
according to Buddington,” consist principally of granodiorite, quartz 
monzonite, and quartz diorite, in the order named; but to the south- 
westward, in the Alexander Archipelago, the granitic rocks appear to 
be less silicic and may bo somewhat older than those of the Coast 
Range proper. The granitic rocks of the coastal ranges of southern 
Alaska are also believed to antedate the granitic rocks of the main 
Coast Range, being probably of Middle Jurassic age. In interior 
Alaska, the Mesozoic granitic rocks include mainly quartz diorite and 
granite, with few intrusives of monzonitic character. They may be 

“ CoCKFiBLD, W. E S%xtymiU and Ltkdue R%v9r% Area, Yukon Can Qeol Surv 
Mem 123:49 1921. 
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either of Jurassic or Cretaceous age, as the stratigraphic evidence of 
their geologic age is lacking. On rather insufficient data the grano- 
dioritic rocks of the Brooks Range are likewise considered to be either 
of Jurassic or Cretaceous age. Workable gold-bearing quartz veins 
and lodes of other t}rpes have been found in the vicinity of some of the 
Mesozoic granitic rocks, and to a greater extent where placers are not 
now present, than where they are. Such lodes appear to represent 
mainly the mesothermal type of mineralization. 

The Tertiary period also was characterized by the intrusion of 
granitic rocks, in one or more stages of emplacement. Certain early 
Tertiary granitic rocks appear to be normal granite, quartz monzo- 
nite and quartz diorite, but another type believed to be of later Ter¬ 
tiary age are nearly everywhere quartz monzonitc or monzonitc, rela¬ 
tively low in free silica, and carrying pyroxene as Ihe principal dark 
mineral. Such rocks are widely distributed in southwestern Alaska, 
and are rated os second in importance as producers of placer gold. 
Much mineralization has been found in and near the mid-Tertiary 
granitic rocks, in the vicinity of some of the derived placers, but few 
important lodes of thw age have been discovered. In general, the gold 
occurs in small discontinuous quartz veins and stringers, which appear 
to represent fUlings in shattered epithermal zones. Cinnabar is almost 
everywhere associated with the placer gold that has been derived from 
the mid-Tertiary granitic rocks, and some mercury lodes of this age 
have been successfully mined. 

FORMATION OF PLACERS 

Since most of the placers of Alaska are of fluviatilc origin, and even 
the beach placers were in some measure concentrated as preexisting 
fluvialile deposits, the formation of placers deals mainly with the ero¬ 
sion of gold from bedrock sources, and its transportation and con¬ 
centration by the action of streams. 

Many data indicate that most of the placer gold of Alaska was liber¬ 
ated from its bedrock sources long before it was finally deposited 
in the placers that are now being mined. Tn other words, it is believed 
that much of this gold has been handled and rehandled by streams in 
many successive geomorphic cycles. In east-central Alaska, for exam¬ 
ple, the gold that originated in the Mesozoic granitic rocks south of 
the Yukon River, began to be freed from its bedrock sources when 
those rocks were first bared to erosion; and since a considerable part 
of the gold was deposited, and some of it still remains, in the early 
Tertiary conglomerates of this area, the long alluvial history of the 
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gold in this area is not open to question. At most localities, however, 
this generalization is not directly provable, though it is strongly sug¬ 
gested by the presence of large quantities of placer gold in certain 
localities where few or no evidences of mineralized bedrock can be 
found; by great differences in fineness betw'cen placer gold and the 
gold of geographically contiguous lodes; and in fact by the mere pres¬ 
ence of deeply truncated laccoliths and stocks of granitic rocks in the 
drainage basins where workable placers occur. Naturally, since the 
parent rocks range in age from Middle Jurassic to mid-Tertiary, no 
generalized statement is possible regarding the ancient climatological 
conditions under which the country rock was first disintegrated and 
made available to stream action. But during some epochs, notably 
just before the general epeirogenic uplift at the end of the Pliocene 
epoch, a large volume of residual and eluvial material is believed to 
have mantled much of Alaska. In interior Alaska, for example, there 
arc placer camps, as at Poorman, where practically all the gravels of 
the placers are vein quartz and chert. In such localities, it beems cer¬ 
tain that the concentration of siliceous rocks is due to the disintegra¬ 
tion and destruction of the other rocks with which they were orig¬ 
inally associated. Probably, therefore, a large part of these siliceous 
gravels were derived from bedrock sources long before the Quaternary 
period. 

In streams having gradients of the same order as those obtaining 
in the medial courses of the usual placer streams of interior Alaska, 
the downstream vector of movement for gold appears to be small. 
Splendid examples of this feature are apparent in Fourth of July, 
Coal, and Woodohopper Creeks, in east-central Alaska, where impor¬ 
tant placers have been concentrated from the above-mentioned Ter¬ 
tiary bedrock in the present valleys during several crosional cycles. 
The Tertiary rocks cross these three valleys as a belt several miles in 
width. Upstream from these gold-bearing rocks no placers exist, and 
downstream from them the workable placers terminate in a very short 
distance The same feature may also be noted in Hunter and Little 
Minook Creeks, in the Rampart district, where the present placers 
have been reconcentrated from a belt of unconsolidated auriferous 
Pliocene gravels, that crosses the valleys of these two streams. Some 
of the very fine gold, of course, travels many miles downstream, and 
lodges in the large trunk valleys; but the amount appears to be very 
small in comparison with that which is repeatedly handed by streams 
in successive erosional cycles, and still remains in the original valleys 
where it was first concentrated. 
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Since most of the placers of interior Alaska are classified as com¬ 
pound types, no simple exposition of their general geomorphic history 
can be attempted; but it is relevant to review the classical h 3 ^the 8 is 
of their formation during a single cycle of erosion. (See Fig. 6.) In 
most small streams much of the alluvial material is in course of pro¬ 
gressive movement from the headwaters downstream. In the upper¬ 
most stretches all this alluvium, from the surface to bedrock, at times 
of flood is moved downstream, and redeposited. But in most small 
streams there is a zone in the valley downstream from which the al- 



Fik 0 —fluccesaive longitudinal profiles of a valley^ showing formation of a pay- 
streak progresBlvely upstream, with overlying alluvium omitted (Vertical scale greatly 
exaggerated ) 

luvial material on or near bedrock will not be further disturbed, even 
at the highest flood stages, unless the stream is rejuvenated by a 
lowering of its base level of erosion. The position and length of this 
critical zone varies with the strength of the current, the size and spe¬ 
cific gravity of the alluvial materials, and with several other factors; 
yet its existence is fairly well substantiated. If a gold lode occurs at or 
near the head of a valley, the gold on being liberated by the process 
of weathering migrates downstream with the other stream detritus, 
gradually working its way toward bedrock. Somewhere in the critical 
zone, however, most of this gold, and all the coarse gold, finally comes 
to rest; and from this zone downstream the current of the stream is 
slower, and the detritus becomes thicker, so that the stream can no 
longer erode to bedrock. This critical zone, which lies between the 
headw'ater stretch of intermittent movement of all debris and the 
downstream stretch of no movement of the debris near bedrock, 
marks the downstream terminus of the paystreak; but the gold in 
process of downstream migration is also present upstream from the 
critical zone, and such gold may or may not constitute a paystreak, 
depending upon various factors. But stream erosion is a continuous 
process, in the course of which the valley is either extended backward 
into its divide; or, if another headwater stream is flowing in the op¬ 
posite direction, the divide between the two streams will be lowered. 
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In either case, the net result is a change in the longitudinal profile of 
the stream bed, such that the headwater gradient is diminished and 
the critical zone of deposition migrates slowly upstream. Hence that 
stretch of gold placers, no longer subject to downstream movement, 
is lengthened, and a paystreak is deposited progressively upstream. 
The concept thus results that the part of a placer farthest downstream 
was deposited first and that the formation of the paystreak took 
place progressively upstream, as a series of overlapping wedges. This 
mode of paystreak formation is particularly applicable in areas where 
the local base level of erosion has remained sensibly constant over a 
long period of time; and such conditions have apparently obtained 
during certain erosional cycles in parts of interior Alaska. 

If a paystreak was derived from a lode located in the headwater 
part of a valley, and if it was formed in the manner above outlined, it 
should be expected that most of the placer gold will be formed near, 
on, ot in bedrock. This is actually true for most of the placer streams 
of Alaska, the gold being found in the lowermost few feet of gravel, 
on the surface of bedrock, and if the latter is greatly fractured to a 
depth of as much as 6 feet in bedrock. Some of the early dredge opera¬ 
tors in Alaska failed to recognize the depth to which gold can pene¬ 
trate in bedrock; and as a result of this, and also of inadequate 
washing in the tronuncl, some of the old dredging sites are now being 
reworked at a good profit. The absence of this localization of the gold 
becomes immediately a reason for searching a valley for uneroded lode 
sources not in the headwaters, or for postulating a rapidly changing 
local base-level of erosion during the deposition of the gold, or after 
a part of it had been deposited. One of the most striking examples of 
gold that is not concentrated near bedrock, is found in the placer 
streams which derived their gold from the Tertiary sedimentary reefs, 
above described. 

It is obvious that this idealized mode of placer accumulation, which 
stresses the lack of geologic simultaneity in the formation of a 
paystreak, may be modified in many w’ays, not merely by a succession 
of erosional cycles, but also by conditions and events that may exist 
within a single cycle of erosion. The theory, as sketched, applies 
particularly to placers that accumulate from lodes that are localized 
in or near the headwater portion of a valley, and many examples of 
such conditions in interior Alaska could actually be cited. But the 
bedrock source of gold is not always thus localized, as for example 
where the locus of a lode system is more or less coincident with a 
valley, or where mineralized zones occur intermittently, crossing the 
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valley at different places. Likewise there may be present proximate 
sources of gold, other than bedrock gold, such as auriferous bench 
gravels of any origin, which are distributed along the sides of a valley, 
or auriferous gravels or conglomerates which cut across valleys. All 
such conditions, and combinations of them, tend either to modify or 
to render entirely inapplicable the idealized concept; and many such 
examples are known in interior Alaska where the general hypothesis 
does not apply, even within a single erosional cycle. 

Summarizing, it needs to be stressed that no general hypothesis of 
placer accumulation can be presented. The volume of available de¬ 
bris, derivable from bedrock, is affected by climatological conditions, 
past and present; and such conditions also control the volume of water 
formerly, and at the present time, existing in valleys. The character 
of the alluvial depiosits is likewise affected by climatological condi¬ 
tions, as for example in interior Alaska where these deposits are 
frozen to great depths. The velocities and erosive power of streams, 
on the other hand, are functions that depend upon many variables, 
among which are the volume of water, the transported load and the 
valley gradients. And finally, the valley gradients, though locally 
influenced by the character of bedrock and other factors, are in large 
measure controlled by the duration, changes, and accelerations in 
local base levels of erosion. Some of these data can be deduced or in¬ 
ferred from geologic studies; others can not. Hence, the history and 
mode of formation of placer deposits in a region constitute a series 
of individual, yet related problems, which are seldom completely 
solvable. 

THE PROBLEM OF FINENESS 

The fineness of lode and placer gold is an economic factor of con¬ 
siderable significance. Gold that is 000 fine, for example, yields a 
profit 20 percent greater than gold having a fineness of 750; and since 
many examples could be cited of finenesses of this order, the illustra¬ 
tion is by no means overdrawn. In general, therefore, the matter of 
fineness has been approached from a purely economic rather than a 
genetic point of view; and thousands of assays have been made of 
Alaska gold, with few attempts to correlate and to understand these 
significant data. 

The genetic problem of fineness has several aspects, of which the 
most general has to do with the range and limits of the ratios of gold 
to silver in all the natural alloys of these metals. A second phase of 
the problem is concerned with the recognition and explanation of 
variations in the grades of lode and placer gold, and this veers into 
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and is really a B|>ecialized part of the theory of placer genesis. Still 
another phase of the problem is what might be called a problem of 
fineness of lower magnitude, dealing with the variations in fineness 
within individual nuggets, grains, and crystallites of gold-silver alloys; 
and this in turn leads to a physical-chemical study of free gold. 

It has already been shown that artificial alloys of gold and silver 
form a continuous series of solid solutions, with all possible eomposi- 
tions from pure gold to pure .silver. The natural alloys of gold and 
silver, however, seldom contain more than 40 percent and never 
more than 60 percent of silver; whereas at the other end of the system, 
native silver is usually free of gold, and seldom contains more than 
traces of it. Therefore, it is possible that a miscibility gap exists in the 
solid state of the gold-silver system, as developed in nature. It has 
also been shown that the specific volumes of the natural alloys of 
gold and silver depart materially, and in a reverse manner, from the 
specific volumes of the corresponding artificial alloys. Hence, it ap¬ 
pears doubtful that the natural gold-silver alloys are altogether solid 
solutions, or, if they are, the presence of a small percentage of base 
metals in the dross has produced some remarkable atomic readjust¬ 
ments. Moreover, since most geologists believe gold-quartz veins to 
be of hydrothermal origin, what basis is there for assuming that gold 
and silver will crystallize in the presence of silica, water, base metals, 
and mineralizers to produce a solid phase identical with that which 
solidifies from dry melts of gold and silver alone? And finally, is it not 
possible that allotrophic modifications of gold and silver may crystal¬ 
lize under the conditions of cooling formulated by geologists? These 
questions will be answered only by laboratory work on specimens 
of the natural gold-silver alloys; and such studies will probably have 
to include the investigation of many physical properties of such alloys, 
both on macroscopic and microscopic scales, in addition to chemical 
and thermal analyses. 

High-grade placers can be developed by the partial erosion of high- 
grade lodes, thus making it possible to interpret preexisting bedrock 
conditions in the light of the present bedrock; yet thLs condition 
seldom obtains, because high-grade lodes are rare. On the other hand, 
high-grade placers may also be produced from low-grade lodes, but 
under such conditions the life history of the placers is so extended 
that the original lodes may be largely or completely removed by 
erosion. At some localities the roots or basal parts of the lodes may 
still remain, but the contained ores may be quite different from the 
medial and apical horizons that have been removed. Hence, it is 
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seldom that observations on bedrock lead to a complete understand¬ 
ing of the character and genesis of the preexisting ore deposits that 
served as the sources of the placers. 

Few data have been collected in Alaska that bear upon the char¬ 
acter of the eroded lodes, but one generalization has been adduced, 
partly from theoretical reasons and partly from observed relation¬ 
ships, that seems to bear upon the distribution of fineness in placers. 
It is probably the usual, rather than the unusual, condition for the 
fineness of gold to vary in different parts of a lode. Pertinent data on 
this point are lacking, partly because the depth of many gold mines 
is less than the thickness of rocks eroded to produce the present 
placers, and partly because this topic has not received the con¬ 
sideration it could have received in our deep mines. But since the 
primary ores of the precious metals are known in some mines to give 
place at depth to base ores, it is a reasonable hypothesis that free gold 
itself, in the apical horizons of an original ore body, may be of higher 
fineness than that which occurs at considerably greater depths, as a 
result entirely of hypogenc processes. The apical enrichment of lode 
gold by supergene processes can hardly be questioned at some locali¬ 
ties. 

Gold lodes have been either wholly or partly eroded to produce 
their derived placer deposits. Let it be assumed that the apical por¬ 
tions of lodes contained gold of higher grade than the lower horizons. 
Then if they have been wholly eroded, and if no enrichment of the 
gold has occurred during or after the transformation of the lode gold 
to placer gold, the average fineness of the placer gold should equal 
approximately the average fineness of the preexisting lode gold. But 
if the lode deposit has been only partly eroded, as is usually true, then 
the average grade of the gold in any one paystreak should be higher 
than that of the gold in the uneroded part of its antecedent lode. 
Moreover, and regardless of the degree of erosion, it follows that the 
average fineness of all the gold recovered from existing lodes should 
be less than that of the average fineness of all placer gold; and this is 
actually tmc. It should also follow from these considerations that 
gold of lower grade could be found in existing lodes than in placers; 
and this is likewise true, as little or no gold having a fineness of less 
than 600 has been found in placers, whereas lode gold has been found 
to have a fineness as low as 400. 

In addition to variations in the primary fineness of gold within a 
preexisting lode system, it is probable, at least in interior Alaska, that 
a zone of oxidation and enrichment has existed continuously from the 
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time that these lode systems were bared to erosion to the present day. 
If surficial enrichment within a lode system has operated to increase 
the fineness of lode gold, then in a country free from glaciation, this 
has been a continuous process to which all the lode gold was sub¬ 
jected, though perhaps in var3ring degrees, before it was liberated 
from its bedrock sources. This process of enrichment may, and in 
some areas certainly has, operated to produce marked dilTcrences in 
the grades of lode gold and placer gold derived therefrom; but unless 
this process varies greatly in intensity from one geologic epoch to 
another, it is improbable that it has been more than a minor factor 
in producing variations in the grade of the gold within any one pay- 
streak. 

One of the best examples known in Alaska of a great divergence 
between the lode gold and the placer gold derived from it, has been 
described by the writer*^ in the Nixon Fork district. Here occurs a 
quartz monzonite of Tertiary age, which has been the bedrock source 
for gold placers in the streams draining from it; yet the roots of the 
lodes are still preserved, and are being actively mined as gold lodes. 
From the records of thousands of ounces of this lode gold, its average 
fineness is known to be 735, i\ith maximum and minimum values, 
respectively, of 781 and 715; yet in Hidden Creek, which drains out 
of the lode area, the maximum, minimum, and mean finenesses are, re¬ 
spectively, 961}, 892}, and 928 parts gold in a thousand. It should be 
stressed also that at this particular site the fineness docs not increase 
progressively downstream; and although most of the paystreak that 
has been mined is underlain by a bedrock of limestone, nevertheless 
this paystreak extends upstream into the zone of quartz monzonite 
bedrock. Certainly no better example than this could possibly be 
found to prove that the gold eroded from the apical part of this lode 
system was of higher grade than that now being mined in the roots 
of the lode; but such conditions indicate an enrichment of the alloy 
in gold in the zone of weathering, before it was liberated from its 
bedrock source. In other words, as no marked variation of fineness is 
known within the paystreak, this locality may not be cited as an 
example of primary differences in the grade of the lode gold. 

The general accepted theory has been stated, which pictures the 
paystreak as a series of overlapping wedges of gold-bearing alluvium, 
which are progressively deposited upstream during a single erosional 
cycle. According to this view the downstream end of a paystreak is 
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its oldest, and the upstream end is its youngest part, if the deposition 
has taken place during a single cycle of erosion. A hjrpothesis has also 
been stated, which assumes that the apical part of a gold lode contains 
gold of higher grade than its lower horizons. Taken together, these 
two concepts lead directly to the conclusion that the gold of highest 
grade is likely to be found in the downstream end of a payslreak, and 
that the grade of the gold may diminish progressively upstream. This 
relationship actually exists in some placer paystrcaks in Alaska, but 
in others the fineness has been observed to change erratically, or not 
at all. 

llic progrc.ssive increase in the fineness of placer gold, in going 
downstream, has heretofore been explained as due to the removal of 
silver from gold-silver alloys as a result of solution by cold surface 
waters, during or after the formation of a payslreak. According to this 
hypothesis, the gold farthest downstream has traveled a greater 
distance from its parent lode than the gold farther upstream. There¬ 
fore it has suffered the must handling by streams, has been to the 
greatest degree comminuted, and for both these reasons has been the 
most vulnerable to solution. Also, it has been longest separated from 
a l)edrock source, and for this reason, too, should have been most af¬ 
fected by solution. This hypothesis is further supported by an experi¬ 
ment performed by McConnell,'* on some of the placer gold of the 
Klondike district, in Yukon Territory, Canada. He found that gold 
shaved from the outer surface of a nugget assayed 60 to 70 parts per 
thousand finer than gold from the inside of the nugget; and this has 
been generally accepted as a proof that surface waters dissolve an ap¬ 
preciable amount of silver from gold-silver alloys in a paystreak. Let 
us look at the supporting data. 

It has already been shown that the silver contained in artificial 
alloys of gold and silver can be completely dissolved by strong in¬ 
organic acids, only when the ratio of gold to silver is 1:3 or less; also 
that if this ratio is greater than 1:1.5, corresponding to a fineness of 
400 parts gold in a thousand, no silver will be dissolved. It has also 
been shown that the solubility of silver in pure water is very slight. 
But practically all placer gold is of higher grade than 600 fine, and 
moreover we are dealing with ordinary cold surface waters, instead 
of strong inorganic acids. Finally, it must be remembered that any 
gold that has remained undisturbed in the placer paystreaks of in¬ 
terior Alaska since the beginning of Pleistocene time has probably 

McConnell, R G Report on the gold voluen tn the Klondike high4evel gravele. 
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been entirely untouched by water for the last million years, because 
these alluvial deposits were then, as now, largely frozen. 

Still other facts have to be considered. The assayer knows that even 
strong inorganic acids do not readily remove all the silver from large 
pieces of a gold-silver alloy; and for this reason, a s.imple of the alloy, 
after quartation, is hammered flat on an anvil before treatment with 
nitric acid, in order to present a large surface to solution. Hence, the 
weak solvents postulated to exist in cold surface waters should affect 
only the outer layers of grains of placer gold; and for this reason the 
surfleial volume of nuggets and coarse grains of gold, in which solution 
of silver might occur, Ls a smaller proportion of the total volume than 
in small grains of placer gold. It, therefore, follows, insofar as enrich¬ 
ment by solution of silver is concerned, that nuggets and coarse grains 
of placer gold should be of lower grade than the finely comnunuted 
grains of placer gold. Actually, in any one paystreak, and at any one 
place in the paystreak, the reverse is usually true. Furthermore, when 
any appreciable amount of silver is dissolved in the laboratory from 
a gold-silver alloy, the sample becomes distinctly porous; and if much 
of or all the silver is removed, the sample becomes very fragile and 
may even crumble to a powder. Therefore, if solution of silver is 
actually accomplished by cold surface waters to an extent sufficient 
to change appreciably the fineness of placer alloys, this process should 
be reflected in a marked surfleial porosity. But this also has not been 
observed. 

As for McConnell’s experiment, nothing is proved except that the 
outer surfaces of certain nuggets were of higher grade than the inner 
parts. It does not at all follow that this relationship is due to solution 
of silver by cold surface waters, for either it may have lieen an original 
characteristic of the primary lode gold, or, more probably, it was 
caused by surfleial enrichment m the zone of oxidation, long before 
the gold was liberated from its bedrock source. 

As a result of these considerations, the writer is not dbposed un¬ 
reservedly to accept the idea of any progressive change of fineness in 
a placer paystreak, as a result of solution of silver from gold-silver 
alloys by the action of cold surface waters. But it must be admitted 
that the alternate hypothesis is also unproved. In the first place it 
rests upon another hypothesis regarding the vertical distribution of 
different grades of gold in preexisting and present lodes. And secondly, 
it rests upon physical-chemical data that assume an essential identity, 
or at least the great similarity, of artificial and natural alloys of gold 
and silver, in so far as their chemical reactions are concerned. Hence, 
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additional geologic, mining, and chenodcal data will be needed to prove 
or to disprove the hypothesis above outlined. If, for example, the em> 
placement of a granitic body long antedated the formation of its as¬ 
sociated lode deposits, and if a period of diastrophism had intervened 
between these two processes, the apex of the intrusive mass and the 
apex of the mineralized zone would not necessarily correspond. And 
if diastrophism had occurred after either or both of these processes 
had occurred, the present cropping of an intrusive might correspond 
to neither of these antecedent apices. 

Mining and chemical data are required, most of all to learn the 
three-dimensional variations in fineness that may exist in present gold 
lodes. Assays, both of bulk samples and of individual grains, should 
be made of uncontaminated samples of free gold taken from different 
horizons in lodes; and for this purpose assays of run-of-mine bullion 
may or may not suffice, depending upon the methods employed in re¬ 
covering the gold. Assays, for example, of bullion recovered by cy- 
anidization would certainly be useless. Complete chemical analyses 
should also be made, in order to learn the character and quantity of 
the metals in the dross; and for this purpose, even amalgamated free 
gold would not be serviceable. 

Finally, the physical and physical-chemical properties of natural 
gold-silver alloys need to be studied, in order to learn how they differ 
from those of the corresponding artificial alloys. One of the most im¬ 
portant problems of this work should be a complete physical and 
chemical examination of individual grains and nuggets of natural 
gold. According to Raydt’s equilibrium diagram, it is possible, if the 
solidification of gold took place rapidly enough, that individual crys¬ 
tals of gold could be zonally grown, in the manner of the plagioclase 
feldspars. If this occurs, and if his equilibrium diagram applies to 
natural alloys, the outer zones of crystallites should be lower in gold 
than the cores. Such a condition could hardly influence materially the 
range of fineness in a placer paystreak, as it would be a microscopic 
phenomenon, of a lower order of magnitude. But the investigation of 
this and related phenomena is equally a part of the general problem 
of fineness. 
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CHEMISTRY .—The fungislaltc and fungicidal action of certain or¬ 
ganic sulphur compounds.^ Edward L. Everitt, Georgetown 
University School of Medicine, and M. X. Sullivan, Chemo- 
Medical Research Institute, Georgetown University. 

Both bacteria and molds are in general useful to man, as for exam¬ 
ple in decomposing plant and animal debris, which, if allowed to ac¬ 
cumulate, would sooner or later be to man’s detriment. In both fields, 
certain forms have become parasitic on man or on the fruits of the 
field on which man depends directly or indirectly for food and cloth¬ 
ing. The part that bacteria may play in the production of pathological 
condition has become common knowledge and has long been under 
study by the bacteriologist and the practitioner of medicine. 

On the other hand, the relation of common molds to health and 
disease has been given less attention and study since, unlike the bac¬ 
teria, molds do not in general cause acute and killing diseases, in man 
at least. However, Kuchenmeister (1857) lists 14 species of fungi that 
invade the skin, hair, nails, lungs, or mucous membranes. In the list 
arc included Tricophyton tonsurans, which invades the hair follicles, 
and several species of Aspergillus, which infect the auditory duct, 
finger nails, toe nails, etc. Also ringworms caused by fungi of the 
Tricophyton or Mtcrosporum families arc often met with in man. 

In medical practice attention is often called to Moniliae, fungi that 
invade the mucous membranes, c.specially of the mouth. Among the 
diseases of man attributed to this class of fungi are thrush and sprue. 
There is some suggestion also that fungi, at times at least, may be 
involved in such allergic conditions as asthma and hay fever. Thus, 
Prince, Sclle, and Morrow (1935) report findings that indicate that 
molds may play a causative role in some ca.ses of asthma and hay 
fever, while Brown (1936) considers that hypersensitiveness to fungi 
mu.st take its place along with sensitization to pollens, animal epi¬ 
dermis, food, and bacteria in the causation of bronchial asthma, 
eczema, perennial hay fever, and other allergic conditions. 

Since molds may destroy the necessary fruits of the field, causing 
rots of various kinds, and may also invade the skin, the hair, and 
lungs of man and are incriminated in certain forms of dermatitis, ring¬ 
worms, actinomycosis of the lungs, loss of hair in some cases, and oc¬ 
casionally in certain allergies, whatever can be found about the 
metabolic processes and especially about means of preventing them 

* The data Id this paper are taken from the dissertation presented by Edward L 
Eventt in partial fulfillment of the re<^ujreroents for the dome of Doctor of Philosophy, 
Georgetown University, 1937 Received January 20, 1040 
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from getting a foothold on plants, animals, or man would be decidedly 
worth while. 

It is well known that molds and bacteria may be killed or inhibited 
in their growth by drying, heat, light, pressure, and by various chem- 
icals. Chemical substances that kill arc known as fungicides or bac¬ 
tericides, while those that simply inhibit growth arc called fungistatic 
or bacteriostatic. Some of the chemical compounds used in the pre¬ 
vention of the growth of bacteria and molds are silver nitrate, mer¬ 
curic chloride, iodine, phenol, cresol, benzoic acid, alcohol, and vari¬ 
ous simple sulphur compounds. Among the sulphur compounds used 
are carbon disulphide, hydrogen sulphide, sodium thiosulphate, flow¬ 
ers of sulphur, and colloidal sulphur. Lime and sulphur mixtures have 
been used for years to prevent the growth of fungi on plants and trees. 

Our interest in the possibility of inhibiting the growth of molds 
that invade man was aroused by results obtained in a study of the 
changes brought about by certain wilt-producing organisms In a 
study of acid-base and oxidation-reduction phenomena, it was noted 
that sodium thiosulphate added to the medium considerably reduced 
the growth of the molds. This finding suggested a trial of various 
organic sulphur compounds because elemental sulphur had long 
been in use in medical practice in ointments for eczema and various 
skin conditions and parasitic skin infections, and sulphur baths have 
long been believed to have medicinal value. A direct bearing on the 
relation of sulphur to fungi is the work of Lynch (1933), who reports 
the successful u.se of a sulphur ointment in the treatment of an As- 
pergtUiis infection in a scalp lesion caused by the bite of the red bug 
(Leptua), and the review of Roark and Busbey (1935), who list a 
number of organic sulphur compounds of high value as insecticides. 

As pointed out by Roark and Busbey, sulphur in various forms and 
combinations is one of the most valuable and widely used insecticides 
and fungicides. In the form of elemental sulphur it is applied to fruit 
trees and ornamental plants both as a dust and in suspension in water 
for combating red spiders and fungous diseases. 

We had on hand a large number of organic sulphur compounds 
made or secured in a general study of the relation of sulphur and sul¬ 
phur compounds to health and disease. Some of these we hoped would 
be of value in medical and agricultural practice. 

Accordingly, some 50 sulphur compounds were tested for their 
fungicidal action in vitro. The molds used were Fuaarium oxyaporum 
and F. lycoperaicum, which cause, respectively, wilt of potato plants 
and tomato plants; AapergtUua fumigatua, which invades the ear of 
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man and occaaionally the lungs; Aspergillua niger, which spoils food¬ 
stuffs and like fumigaitis may invade man; and the Penicilltum of 
Fleming, which according to Reid (1935) generates a material toxic 
to bacteria. The culture media used and the procedure employed for 
testing the inhibitory action of the various compounds are detailed in 
the following sections. 

T?i€ culture medium —The synthetic culture medium used iii this investi¬ 
gation was the same as used by Anderson, Evenit, and Adams (1933) in 
their study of the carbohydrate ractabolism of Fuaanum oxyaporum, which 
causes wilt of potatoes. It was first used by Toehinai (1920) to study the 
carbohydrate metabolism of Fuaanum hni The composition of the medium 
is as follows: 


Ammonium nitrnte 1 00 gm 

Magnesium sulphate 0 20 gm 

MunupotaHsium phoKphiite 0 50 gm 

Glucose 20 00 gm 

Water to make 1,000 co 

In the presemt work, to 100-cc portions of this culture medium in 250-cc 
Erlenmeyer flasks various quantities of llic organic sulphur compounds were 
added, and the flasks wore plugged with cotton and sterilized at 15 pounds 
pressure for 20 minutes Control flasks containing the medium without addi¬ 
tion of Uie sulphur compounds were Ht(»rilizo<l in a similar maimer 

Inaculalton of the medium —The stock medium for the development of 
the molds was Sabouraud's dextrose agar descnlx'd in Difco Manual, ed. 6, 
1936. Spores eollectod from the agar slants were suspendc'd in sterile distilled 
water, and 1 ce of the spore suspension was added to each culture flask by 
moans of a sterile pijietto The sulphur compounds tested are listed in Table 
1 

Compounds (1)-(13) were obtained from Dr II L Haller, Bureau of 
Entomology and Plant Quarantine, U. S Department of Agriculture The 
remaining compounds were at hand at Georgetown University 

Inasmuch as mast of these compounds wore ineffective, that is, did not 
inhibit the growth of the molds, the formulas are not given here. Those 
compounds that were effective will be discussed in detail and their formulas 
will be given later. 

With Fuaanum oxyaporum and F. lycoperatcuvi used as test fungi, only a 
few of the compounds listed in Table 1 inhibited or stopped growth The in¬ 
hibitors were Nos. (10), (11), (33), (34), (36), and (47) Those compounds in¬ 
hibited growth for a period varying from 4-15 days, after which time the 
organism slowly developed. These compounds could be utilized as fungistatic 
material and might have application in medical practice, in external applica¬ 
tion. One compound, (24), the disulphide of ortho-tliioaminophenol, abso¬ 
lutely prevented growth of Fusanum oxyaTforum but allowed a slight and 
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delayed growth of Fusarium lycoperHcum with increase in growth after the 
nineteenth day. Colloidal sulphur, (33) (sulphur diasporal), was labeled as 
containing 10 mg of S in 2 cc. One cc was added to 100 cc of the culture me¬ 
dium. Colloidal sulphur (sulisocol) was labeled as 2 cc containing 20 mg of 
sulphur. One-half of 1 ce was added to 100 cc of culture media. Both types of 
sulphur in a colloidal complex markedly inhibited the growth of the molds, 
even at concentrations calculated to be 60 mg per liter Since a question arose 


Table 1 —Sdlphub Coupoundb Studied for Funoicidal and 
Hactekicidal Pkopsrtibb 


(1) Phenothiazine-fMsarboxylic acid 
ohiondo 

2) 6-Acetyl-pheDothiazine 

3) Phenothioxine 

4) Phenothiazme 

5) Tetrathiopentone 

6) Cuprous methylxanthate 

i 7) Cuprous isoamylxanthate 
8] Chlorbenzoketuthiazine 
(0) 4-Chloro-2-nitrophenyI thioKlycoho 
acid 

QO) Phenvl thioarsenite 
01) 4-Chforo-2-nitrophenyl sulphur 

amine 

(12) 4-Chloro-2-nitrophenyl sulphur 

bromide 

(13) His(2-nitrophcnyl) disulphide 

(14] Thioacetamide 

(15) Mercaptobonzothiazole 
(10) Phenylbenzothiazole 

1 17) Sodium diethyldltbiocarbamate 

18) Diethyl thiourea 

19) Thiourea 

20) Disulphide of thiotyroHine 
(21) Dithfosalicylic acid 
(22) Phenylthioglycolic-ortho-carboxylio 
acid 

23) Benzidine sulphonatc 
24) Disulphide or ortho-thioaminophe- 
nol 

(26) Cysteic acid 


1 20) Thiazolidine carboxylic acid 

27) Formyl-dl-cystine 

28) S-carboxymethyl-cysteine 

29) Cvstineamine hydrochloride 

30) Tniazolidino hydrochlonde 

31) Thiobarbitiiric acid 

32) Benzyl disulphide 

33) Colloidal sulphur (diasporal) 2 cc ■ 
10 mg 

(34) Colloidal Hulphur (hyposols or suli- 
socol) 2 cc mg 

(35) Sulphanilic acid 

(36) 1,2 Naphthoquinone-4-8odium suL- 
phonate 

(37) 1,2 Naphthoquinonc-4-6-sodium di- 
Bulphonate 

! 3H) Soaium ahzanno sulphonate 

39) Tropaolin 000 

40) Congo red 

41) Bromcresol green 

42) Methyl orange 

43) Cresol red 

44) Bromphcnol blue 

45) Strychnine sulphate 

1 46) Thymol blue 

47) Pronlylin (Winthrop) 

48) Tnonal 

49) Sulphonal 

50) Cystine 

(61) Bulpharsphenamine 


as to whether the inhibiting action was due to the sulphur as such or to the 
changes m the reaction of the medium, the study of the inorganic sulphur in 
the protective colloid solution was put aside for later development. Two 
compounds, mereaptobenzothiazole and phenylbenzothiazole, allowed no 
growtli whatsoever of the two molds mentioned above when present in the 
culture media at the concentration of 6-10 mg in 100 cc of solution. Because 
a number of the organic sulphur compounds were found effective in inhibit* 
ing or utterly preventing the growth of the two molds, the experiment was 
extended to other molds as given in Table 2. 

An interesting effect of chemical constitution on the growth of the molds 
was exhibited by compounds (36) and (37), namely, 1,2 naphthoquinone-4- 
Bodium sulphonatc and 1, 2 naphthoquinone-4-6-8odium disulpbonate. with 
the formulae— 
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0 

/\A^ 


o 


1=0 




and 


NaOiS-^ 


r=0 


iNa 


SOiNa 


The 1, 2 naphthoquinonc-4-8odiiun sulphonate had inarkod power of in¬ 
hibiting the growth of the molds, while the 1, 2 naphthoqiiinono-4-6-8odium 
disulphonate was an excellent stimulator of growth. These findings are in 
harmony with the early work of Ehrlich and Herter (1004), who found the 
sodium salt of the 1, 2 naphthoquinone monosulphonic acid to be toxic. 
Since these compounds arc relatively exixmsive and since the work of Ehr¬ 
lich and Herter, especially that of Herter (1905), indicated that the 1, 2 
naphthoquitionc-4-Bodium sulphonate was toxic to animals, no further at¬ 
tention was given to the compounds as fungistatic or fungicidal substances 
for use in medical or agncullural practice. 

Of the compounds studied in relation to the growth of the molds m vitro, 

Tablr2.—Study or thb MostPhomihino SulphurGoupoundh HavinqFdnuistatic 
AND Fungicidal Properties When Added to 100-cc Culture Mediuii 


Com¬ 

pound 

No 

Amount 

UMd 

F oiyiiporum i 

F lycopemioum 

1 

A niger | 

1 

A fumigutus 

Penieilllum 
of lleming 

10 

mg 

U 6 

Finit growth ! 
in lA 

hIow thereafter 

No growth in 

25 days 

No growth in ^ 
11 days, alight 1 
in 26 days | 

No growth In 

15 daya, alight 
in 26 days | 

Very few aporea 
in 15 daya, alow 
thereafter 

11 

12 6 

1 

1 Fimt mwth 
in 16dA3n 

Finil growth 
, in 16 dayn 

No growth m 1 
11 daya, ali^t 
in 16 days ; 

No growUi III 1 
26 daya 1 

A few sporee in 

16 daya, elicit 
thereafter 

Id 

3 0 

OrowUi in 8 
dayn, boooming 
heftvy 

Siigfat growth 
111 H daw, be- 
ooiiiing heavy 

Good growth in I 
8 days, very 1 

few Hporea 

No growth 111 j 
26 daya | 

I'ery alight 
growth in 25 
days 

16 

A 0 

No growth nt 
any time l 

No growth at 

1 any time 

Might growth 
in 8 daya, no 
spores 

No growth in 
26 daya , 

No growth ID 16 
daya, a few 
Hpomin 26 daya 

16 

10 0 ! 

No growth 

No growth 

No growth 1 

No growth 

No growth 

10 ! 

3 0 

Rli^t growth 
in 6 dnyn, ' 

coming heavy 

Hhi^i growth 
in n duya, be- 
eoming heavy 

Heavy growth 
in 8 uayn, with 
apom 

Slight growth 
in II days, 
alowlyinareaa- 
mg 

Slight growth 111 

8 daya 

16 

1 

' 5 0 

1 

No growth 

No growth 

' Slight growth 

1 in 8 days 

No growth in 
26 daya 

Slight growth in 
! 8 daya 

16 

• 10 0 

No growth 

No growth 

No growth in 
25 daya 

No growth 

Mo growth III 26 

daya 

36 

13 6 

No growth in 
11 daye^ come 
aMiwa in 15 
daya, alowly m- 
oreaalng 

No growth In , 
26 daya 

Good growth in 

8 daya 

No growth in 
26 daya 

No growth ID 16 
daya, alight 
growth and a few 
■porea In 25 di^ 

47 

10 0 

Slight growth 
in 4 daya 

Bli^t growth 
in S daya 




47 

20 0 

No growth In 4 

mwth In 13 

oaya 

Sll^t growth 
in 7 daya 

Bli^t growth 
in 7 daya 

growrth 
in Tdaya 
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number (15), mercaptobonzothiazole, and number (iQ), phenylbenzothia- 
Bole, were the most effective Their chemical constitution, respectively, is— 



Of these two, mcrcaptobenzothiazolc was on hand in plentiful supply, so 
some attention was paid to it from chemical and clinical viewpoints and to 
its possible toxicity toward animals As may be seen from its formula it is an 
organic sulphur compound containing nitrogen and an (SH) group. This 
compound, which is cheap and readily available, was first made by Hof¬ 
mann (1887) and has been used in the rubber industry as an accelerator of 
vulcanization for a number of years Its use for such purposes seems to have 
been first suggested by Bedford and Sebrell (1921) It is soluble in alcohol, 
chloroform, and benzol but is not very solulilo in w^atcT It is sufficiently solu¬ 
ble in water, however, to be used as a germicide. It is more soluble as a so¬ 
dium salt and is rather soluble in sodium bicarbonate 

As judged by lack of grow'th for 60-60 days in the case of F oxysporum, 
F. lycoperstcum, and A. fumtgatuSf the compound has marked fungicidal 
power In the case of A. ntger and Pentcilltum of Heining, inercaptobenzo- 
thmzole showed strong fungistatic activity, since no growth occurred until 
after a period of 25 days Without prejudice as to whether a compound can 
be found that is fungistatic or fungicidal toward molds in general, it can be 
said that with the molds studied by us mercaptolKmzothiazole had marked 
fungicidal or fungistatic activity 

Roark and Busbey (1035) state that mercaptobenzothiazolo in concentra¬ 
tion of 0 01 to 0.10 percent was effective in controlling a fungus living on wood 
and that it has been used in controlling aphids and mosquito larvae. Davis 
(1930) n*portcd that this compound had little if any toxicity He injected an 
aqueous solution of it into guinea pigs and a total injection of 14 5 mg in 20 
days did not produce any injurious effects on the animals Medical examina¬ 
tion of the men working with mercaptobenzothiazole over a period of years 
in the Goodyear Tire & Rubber Co did not show any toxic conditions or 
dermatoses. In a recent personal communication, Dr. Davis (1939) reiterates 
the conclusion that the compound has show n no toxic action on men working 
with It in the vulcanization of rubber. 

We have given 20-100 mg of the mercaptobenzothiazole by mouth to 
guinea pigs weighing 400 grams with no gross evidence of toxicity and have 
injected 20 mg in aqueous suspension intraperitoncally into a 200-gram 
guinea pig with no effect on his activity, appetite, or general well-being. Dr, 
William B. Wardrop, Washington, D. C., found the mercaptobenzothia¬ 
zole practically as effective toward '^athlete’s foot*' as salicylic acid. The var- 
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ious sulphur compounds were also tested for their bactericidal and bacterio¬ 
static properties. The findings will be detailed in a subsequent paper. 

BUHMART 

About 50 organic sulphur compounds were tested for their fungi¬ 
static and fungicidal action. 

The molds used were the wilt-producing Ftisanum oxysporum and 
F, lycopersicunif the pathogenic Aspergillus fumigatusj the common 
Aspergillus niger, and the Penicilltum of Fleming. 

Fungistatic activity was manifested by phenylthioarsenite, 4- 
chIoro-2-nitrophenyl sulphur amine, 1, 2 naphthoquinone-4-sodium 
sulphonate, and prontylin or sulphanilamide. 

Fungicidal activity was manifested by mercaptobenzothiazole and 
phenylbenzothiazole. 

The most effective compound was mercaptobenzothiazole, which 
inhibited the growth of the molds in concentration of 50 to 100 parts 
per million. This compound is cheap and readily available. 

The investigation deals only with in vitro tests, and no conclusion 
can be drawn as yet as to the therapeutic application of the various 
compounds. Preliminary toxicity tests on guinea pigs with both oral 
and intraperitoneal application indicate that mercaptobenzothiazole, 
the most effective fungicidal compound, has little if any toxicity. 


LITERATURE CITED 

Andsbsom, a K , Evbbitt, E. L , and Adamr, P D The carbon meiaholtBm of 
Fuzarium oxysporum on fflucoae Joum Arf Res 46:473 1033. 

Bbdford, C. W , and SsBRSLli, L B Reaclxontt of accfleratorn during vulcantMolton 
III Carbo-euIfhydTyl acceleratoTB and the action of zinc oxide Journ Tnd Eng 
Chem. 13; 1034. 1021 

Bbown, G T. UypersenttittpeneBB to fungi Journ Allergy 7: 4.56 1036 

Davis, P A. Toxie BubBtanccs tn the rubber industry Pt Xl Mercapiobenzothtasole, 
Rubber Age 37: 2491. 1930. 

Ehrucu, P , and Hbbtbb, C A Ober etnige Verwendungen der NaphthochinonBul- 
fonadure, Zeitschr pnysiol Chem. 41: 379 1004 

Hbrtbb. C. a The color reaeixonM of naphthoquinone sodium monoBulfonate and Borne 
of tkeir biological applicationB, Journ Exp Med 7:70 100.5 

Horn ANN, A. W. Zur ICennlnMA des o-AmidophenytmercaptanB Ber deutschen 
ahem. Ges 20; 1788. 1887. 

KccHBvmsTBB, F. Animal and vegetable parasites of the human bodvt vol 2 (Trans¬ 
lated from the second German edition by E Lankester) Sydenham Society, 
1857. 

Ltnch, K. N. Amrnllus tn scalp lesions follomng red bug (Leptus) bites Arch. 
Dermat. and Bypnil 7: 609 1023 

Princb, H. E., Sbllb, W A., and Mobbow, M B Molds in the etiology of asthma and 
Kay fever, Texas State Joum Med 30 : 340 1034 35 

Rbid, R. D. Some properties M a baetenoi^nkthitory substance produced by a mold 
Joum. Baot 20: 215. 1035. 

Roark, R. C., and Bubbby, R. L A list of organic sulphur eompounda {exdunve of 
mothproofing matenals) used as inaeciteiaes U S Dept Agr , Bur Ent and Plant 
Qoar.p Div. Inseotlolde Investigations. 1035 

Toorikai, Y. Studies on the food relalions of Fusanum lini. Ann. Phytopath. Sao. 
Japan 1(3): 22. 1920 



132 JOUBNAL or THE WABHIKQTON ACADBUY OF BCIBNCB8 VOL. 30, NO. 3 


PALEOBOTANY .—Additions to the Pensavken flora} Edward W. 

Berry, Johns Hopkins University. 

In 1935 the writer in collaboration with Alfred C. Hawkins pub¬ 
lished* an account of the plants found in the Pensauken formation in 
Middlesex County, N. J. From time to time Dr. Hawkins has sent in 
small amounts of additional material, which 1 have not had lime to 
study thoroughly until the past summer. The material is in the 
same limonitic, coarse, micaceous sandstone as the original specimens, 
and the preservation of the plants leaves much to be desired in the 
way of details of venation. 

The forms identified in the later collections are the following: 
Cebatha Carolina, Eptgaea repens, Fagus amencana, Nyssa sylvatica, 
Salix humilts, and Viburnum alnifolium. Among these the Epigaea, 
Fagus, and Nyssa are additions to the Pensauken flora. They add little 
in the way of interpretive evidence of Pensauken time. 

Epigaea repeuB Lmnaeus 

A single relatively small leaf, very coriaceous and with the margins in¬ 
clined to be revolutc. So far as I know the trailing arbutus has not heretofore 
been found fossil In modern times its range is from Newfoundland to 
Flonda in th(‘ Coastal Plain, usually on sandy soil It occurs also Ix'yond the 
limits of this province 

Fagus americana Sweet 

This species, represented by leaves or fruits, is exceedingly abundant in 
the Pleistocene of southeastern North America, having been recorded from 
11 States from Massachusetts on (be north to Mississippi on the south, 
chiefly in river terraces in the Coastal Plain province, although also recorded 
from cave deposits in Pennsylvania and interglacial deposits in West Vir¬ 
ginia. 

MyBsa sylvatica March 

A typical leaf of this species. Stones of this species have been recorded 
from the Pleistocene of both Maryland and the District of Columbia. In the 
modern flora it ranges, in rich, mostly swampy soil, from Maine and Ontario 
to Florida and Texas. 

There is some confusion among our recent species as well as among the 
Pleistocene records. Two species, Nyssa earoltntana Poir and Nyssa untflora 
Walt., are recorded from the Bridgeton sandstone of southern New Jersey 
and stones referred to Nyssa btflora have been recorded from the Pleistocene 
of New Jersey (Fish House), Maryland, Virginia, North Carolina, and Ala¬ 
bama. Probably some of these should really be referred to Nyssa sylvatica. 

I Received October 11, 1939 

' BaaaY, Edwabo W , and ALvaao C. Haweins, Flora oj the Pensauken formaiton 
tfi New Jersey, Bull. Gwl See. Amer. M: 243-282. 1938 
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BOTANY .—A nomenclatorial note on Pseudoperonospora.^ G. R. 
Hobrnbr, U. S. Bureau of Plant Industry. (Communicated 
by John A. Stbvbnbon.) 

Miyabe and Takahaahi,^ in describing a new species reported for 
the first time on hops, state; 

This fungus with its dichoiomouKly branched conidiophorca and with its 
conidia germinating by zoospores shares the characters of two genera 
Peronospora and PUiamopara^ and may form an intermediate genus together 
with the downy mildew fungi of eucum^r and CeltiB. In 1901, Berleae* 
created a new subgenus, Peronoplasmopara, in the genus PUismopara and 
placed under it Peronospora oibenaia Berk, et Curt., and Peronoepora 
CeUtdiS Waite. Rostowzow^ reported in 1903 a detailed account of hw 
study of different species of the Pcronosporaceae, but especially of Perono- 
spora cubensts B et C., on which he founded u new genus PBeudoperonoapora, 
apparently without knowing the above mentioned work of Berlese. 

In 1904, Clinton* made a critical study of the cucumber mildew and 
came to a similar conclusion in regard to the recognition of its generic 
position. But regarding Borlese^s subgenus, PeronopUnitnopara, because of 
priority of publication, and also because it was given definite descnptive 
characters as deserving preference over Rostowzew’s rather indefinite 
Psendoperonospora^ Clinton elevated Peronoplasmopara to generic rank and 
included under it two species, Peronoplasmopara cuberms (Berk, et Curt.) 
Clint., and Peronoplasmopara Celltdis (Waitx') Clint 

In the present papier, we have adopted Clinton^s view and name our 
fungus PeronoplasmopaTa llumvlt Myb et Tak, thus adding another 
Hl)cciea to this interesting genus. 

However, on the basis of priority, if present generally accepted 
rules of nomenclature are followed, it appears that Rostowasew's name 
for the genus is still valid. In view of the characteristics assigned to 
the genus Pseudoperonospora and the validity of this genus name, it 
seems necessary to assign this generic designation to three species 
that have not hitherto been transferred to it although they clearly 
belong there. The following new^ combinations are therefore proposed; 

Pseudoperonospora cannabina (Otth), n. comb. 

Peronospora cannabina Otth, Mitt. Naturf. Ges. Bern, 1868, pp. 37-38. 

1868. 

Peronoplasmopara cannabina (Otth), Peg. Atti Accad Naz. Lincci 114 

(ser.fi. 26): 620. 1917 


' Technical Paper No. 327, Oregon Experiment Station Received December 21, 
1939 

■ Miyabk, K , and Takahabbi, Y TmnB Sapporo Nat Hiat 8oc. 1:153. 190S- 
1906 

>Beri.bbb, A N Riv Pat Veg. 9: 123-126 1901. 

* Robtowibw, S J IRora 92: 405-430. 1903 

* CuNTON, G P. Rpi Connecticut Agr Exp Sta. 1904: 329-862. 1906. 
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Psendoperonospora eUtostemae (Togashi and Onuma), n. comb. 

Peronoplaatnopara elalosiemae Togatthi and Onuma, Bull. Imp. Coll. Agr. 
and For Morioka 17: 2, fig. 1. 1934. 


Psoudoperonospora portoricenaia (Lamkey), n. comb. 

Peronoplaamopara portoricenaia liamkpy, tn Stevens, Mycologia 12: 62. 
1920. 


PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

THE ACADEMY 

358th heetino of the boabd or uanaobrb 

The regular monthly meeting of the Board of Managcni of the Academy 
was held in the Holmes Room of the CosmoH Club, January 12, 1040. In 
addition to the customary reports of the standing committees the Treasurer 
presented and discussed an epitome of his annual report. He showed that 
despite the publication of the “Red Book” the balanee for the year’s opera¬ 
tions is only slightly red. 

The report of the special Committee on Clerical Assistance for the Board 
of Editors, of which John A. Stevenson was chairman and H. E. Ewma 
and Herbert Friedmann members, was read by Secretary N. R. Smith in 
the absence of the committee The report recommended ^continuance of 
the title “Editorial Assistant” but expressed no opinion on the question as 
to whether the Board of Editors should be granted or denied assistance. 
Following a general discussion on the advisability of permitting the editors 
to employ clerical assistance, the report was accepted 

The Custodian of Pubbeations, W. W. Diehl, presented a request from 
the Peiping National Library for a free subscription to the Journal for the 
current year. This institution pleaded that the continued hostilities in China 
which had dnven it to Yunnan made it impossible to renew its subscription. 
The Board instructed the custodian to grant the request for the year 1940. 

The subcommittees on awards of Certificates of Merit for scientific 
achievement reported as follows: 

E. A, Goldman, chairman of the Committee for the Biological Sciences, 
presented the decision of his committee, which selected Herbert Fried¬ 
mann to receive the Award for Achievement in the Biological Sciences for his 
work on the parasitic cowbirds and cuckoos and for his studies of avian tax¬ 
onomy and geographic distribution. Dr. Friedmann was bom in New York 
City on April 1900. He received his B S. degree from the CoUege of the 
City of New York in 1920 and his Ph.D. from Cornell Universitv in 1923. 
After a three-year National Research Council fellowship he taurat first at 
Brown University, then at Amherst College. In 1929 he succeeoed Robert 
Ridi^ay as curator of birds in the U. S. National Museum, a position he 
still holds. 

H. L. Curtis presented the decision of the Committee on the Engineering 
Sciences, of which he was chairman. For the award in this field Paul Aj.bbrt 
Smith was selected for his contributions to topographic survey of the ocean 
bottom along the eastern coast of the United States. Mr. South was bora at 
Rising Sun, Iowa, January 9, 1901. He received his B.S. degree at the Uni¬ 
versity of Michigim in 1924, In August 1924 he joined the staff of the U. S. 
Coast and Geodetic Survey and has remained with that organisation. 
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H. D. Miser presented the decision of the Committee for the Physical 
Sciences, of which J. F, Couch was chairman. For this award Wilmot Hyde 
Bradley was selected for his investigations of varves in the Green River 
formation of Wyoming and his contributions to the geology of abyssal sedi¬ 
ments. Dr Bradley was bom at New Haven, Conn., ^ril 4, 1899. He re¬ 
ceived his Ph.B. degree at Yale University m 1920 anef his Ph D, in 1927. 
During his summer vacations he worked as field assistant in the U. S. Geo¬ 
logical Survey, and at the completion of his academic work ho joined the 
staff of that organization, where he has remained 

After a discussion of the age limit, in which it was agreed that investiga¬ 
tors eligible for honors are those who have not attained their forty-first birth¬ 
day at the close of the year for which the awards are made, the Board voted 
without division to award CiTtificates of Merit to the above three nominees. 
Following a bnef coasideration as to how the Certificates evidencing this 
honor accorded by the Academy were to be presented—which was without 
conclusion —the Board adjourned to resume its discussions informally over 
a surprise buffet supper provided by the n^tinng President. 

The attendance of Board members follows: 


PrtHenl 


Abnent 


C E CHAUfililHS 

(Pros ) 

O S Adams 

(Roc Hoc) 

N R SuiTH 

(Corr Sec ) 

J F Couch 

(Board Member) 

H. G Avebb 

(TreaB ) 

Neil M Judd 

(Board Member) 

F G Brigkweddb 

(Board Member) 

H. C Fuller 

(Board Member) 

J H Hibjikn 

(Board Member) 

H 8 Graves 

(nonresident VP) 

G Bteinzr 

(Board Member) 

R B Bobiian 

(nonresident V P.) 

HZNBT B CJOf.LlNH, Jr 

(An) 

W B Bell 

(B) 

A Weticore 

(G) 

B H Nicolbt 

(C) 

H D Mirvr 

(Gl) 

A H Clark 

(En) 

W A Dayton 

(F) 

Fred 0 Coe 

(M) 

H L. CUBTIB 

(Eo) 

Allen C Clark 

(H) 

H. L. WlTTEMOBB 

(Me) 

G F Ghavatt 

(B) 

E W Price 

(HI) 

AleS HrdliCka 

(An) 

F. D. Rossini 

(Sr Ed) 

P C. Whitney 

(E) 

W. W. Diehl 

(Custodian) 

L A Roqbrs 

(Ba) 



Wii Bowie 

(Ml) 



J H Delljnobh (R) 


In addition to the above members there wore present by invitation F. M. 
Setzler, chairman of the Meetings Committee; E. A. Goldman, chairman 
of the Suboomnuttee on Awards for the Biological Sciences; and the editors, 
C. L. Gazin and J. H. Kempton. 

SCIENTIFIC NOTES AND NEWS 

The Department of State has notified the Academy that the Eighth 
American Scientific Congress will be held in Washington, D.C., from May 
10 to 18, 1940, under the auspices of the United Statw (Sovemment. The 
Secretary of State has appointed an organizing committee composed of 
government officials and distinguished scientists. Dr. AXiEXANDER Wetmobb, 
Assistant Secretary of the Smithsonian Institution, is the Secretary General 
of the Congress and the Secretary of the Or^nizing Committee. The 
Congress will be divided into 11 sections covering the various disciplines. 
The chairmen of these sections are as follows: 
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1. AiUhropological SctenoM —Hsbbirt J. SpindbNp Brooklyn Muaeuin 

2 Btologteal Sciencet —Edwin G Gonkun, Prinoeton Unlveruty 

3 Oei^ogical Seienees — T Watland VauohaNp Geologjeal Society of Ainenoft 

4. AgricuUure and Consmatwn —Hugh M BbnnbtTp U 8 Soil Coneervatlon 
Service. 

5 Publw Health and Medicine — Trouab Parban, U S Public Health Service. 

6. Phyneal and Chemical Scieneea —Lyman J Brigub, National Bureau of Stand¬ 
ards 

7 jS7a/ift2tea —S+uart A Rica, Central Statistical Board 

8 Hietory and Geography —Clarbncb H Habino, Harvard Umveruty 

9 fn/crnoficnof Law, Public Law, and Jurtsprudence— Jambh Brown Scott, Car¬ 
negie Endowment for International Peace 

10 Bconomica and Sociology —UAnohD G Moulton, Brookings Institution. 

11 SduccUion -Nicholas Murray Butlbr, Columbia University. 

(^fiitnarp 

Harvey (Williams) Cushino, master^urgeon, neurologist, physician, 
critical investigator, medical bibliophile, inspiring teacher, litterateur, artist, 
died at New Haven, Conn., on October 7, 1939 Bom in Cleveland, Ohio, 
on April 8, 1869, the ninth child in his family, he became the fourth in a line 
of doctors. 

From school in Cleveland he went to Yale College (A B , 1891) and then 
to the Harvard Medical School (A M. and M D., cum laude, 1898) After a 
surgical internship at the Massachusetts General Hospital, he went to Balti¬ 
more m 1896 as junior assistant in the surreal service of Halsted at Johns 
Hopkins Hospital. Dunng 1900-1901 be studied abroad under Kocher and 
Kroneckcr in Berne, Mosso in Turin, and Sherrington in liverpool. 

After his return to Baltimon* Dr Cushing became neurosurgeon and then 
associate professor of surgery at Johns Hopkins. In 1912 he went to Boston 
as Mosley professor of surgery at Harvard and surgeon-in-chief to the 
Peter Bent Brigham Hospital. From 1915 to 1919 he saw service in France, 
during which time he Iwcame senior consultant in neurosurgery of the 
American Expeditiona^ Forces Upon reaching the hospital retirement age 
of 63 in 1932, Dr. Cushing gave up nis work in Boston and accepted appoint¬ 
ment as the Stirling professor of neurology at Yale, which chair he held from 
1933 to 1937. 

Dr. Cushing’s writings, as compiled at the time of his seventieth birthday, 
number 318 items, largely in the fields of neurosurgery, neurophysiology, 
endocrinology, and medical history. He was i^rhaps more widely laiown as 
the author of the Pulitaer prise winner The Life of Sir WtUiam Oder (1925). 

Dr. Cushing was a member of many scientific societies and served as presi¬ 
dent of the American Society of Clinical Surgery (1921), the American 
CoUeM of Surgeons (1922), the American Neurological As^iation (1923), 
and the American Surgical Association (1927). Honors came to him in pro¬ 
fusion, culminating in 1938 with the degree doctor of science, “honoris 
causa,” from Oxford. 

With Dr. Cushing surgery of the bnun became for the first time scientifi¬ 
cally established. By nature he was a perfectionist, and his accomplishments 
seemed to flow from his extraordinary capacity for sustained work. Of him 
truly it may be said that he was in all that he attempted greatest of the 
great. 
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PALEONTOLOGY .—Mammals and land bridges.^ Geobqb Gay¬ 
lord Simpson, American Museum of Natural History, New 
York. (Communicated by C. Lewis Gazin.) 

It was well known to the ancients that different regions of the earth 
were characterized by different sorts of animal life. The Roman em¬ 
perors seeking all manners of bea.stB for their diversions knew that 
they must send to various countries each inhabited by characteristic 
animals. Later, when European travelers began to penetrate the far 
reaches of the earth, among the first questions asked them was what 
peculiar creatures inhabited the deserts of Tartary or the jungles of 
Ethiopia. Cartographers delighted in putting pictures of native ani¬ 
mals on their maps, and their efforts to amaze and to embellish pro¬ 
duced the first zoogeographic charts. Generations secure in the belief 
in the creation of things as they are seldom sought any explanation of 
the differences in fauna between one region and another, and few 
men obscurely guessed that this might be the outcome of a shifting 
history rather than the static result of divine command. 

The rise of science in its modern form found here a whole series of 
fascinating problems ready to hand. From a descriptive point of view 
the main outlines of the present distribution of mammals were long 
since correctly sketched, and now almost all the details are also 
known. Confident that the processes of nature are orderly and can be 
summarized by general theories and explained by general principles, 
the students of the nineteenth century began the attempt to deduce 
from the present faunal distribution the historical sequence that led 
to it. In this new field of inference many blunders were made (and 
we are surely still making some) because of the lack of historical 
documents. On this basis alone, the history really can not be de¬ 
ciphered, any more than one could reconstruct the political history of 
Europe from the present boundaries of its nations if all actual records 
of the past were destroyed. Here the paleontologist came to the res¬ 
cue. His discoveries are the historical documents of animal dis- 

' Addren delivered before the Weihington Academy of Scienoee. February 16. 
IMO. Reived February 9, 1940. 
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tribution. They have solved many problems in this field and at the 
same time they have revealed many others as yet unsolved. 

Among the plainest inferences from the study of recent mammals 
is the fact that some of them have been able to cross regions that are 
now impassable to them. Aquatic animals have somehow traversed 
areas now dry land, and land animals have gone from one area to 
another now isolated by a harrier of water. The paleontologist was 
called on to reveal how such movements were possible and when and 
under what conditions they occurred. 

Now geologists became vitally interested. Caring nothing about the 
distribution of animals as such, they care a great deal about the past 
distribution of land and sea, the evolution of climates, the rise and 
fall of connections between the continents, and other problems that 
are involved in or that depend on paleontological studies of distribu¬ 
tion. Research in this held constantly assumes new aspects and 
touches new fields of knowledge until from being a curiously special¬ 
ized and abstruse detail it has become vital for work in several differ¬ 
ent sciences and has acquired importance and meaning for anyone 
who takes any intellectual interest in the world in which he lives. 

When I undertook to discuss this subject, it was my first intention 
to take up the various theoretical land bridges from one continent to 
another and to summarize the evidence for and against each one in 
order to produce a historical account of where and when such bridges 
have existed. It soon became apparent that such an account, if it 
were to have any value, would involve a mass of detail that would, 
indeed, be of interest only to specialists in this field. It also became 
evident that relatively few such specialists have risen above this mass 
of detail to make a conscious survey of the general principles in¬ 
volved and of the basic assumptions underlying their studies. Such a 
general survey is, then, not only of wider interest but also fresher 
and more needed in the present stage of study. 

To review all the broad problems and principles in one paper is a 
manifest impossibility, and attention will be directed to two aspects 
on which it now seems possible and useful to make some suggestions. 
The first is the broadest problem of all in this field, the general way 
in which land manunals tend to become distributed and in which 
their distribution tends to change in time. The second is more par¬ 
ticular: the different types of migration routes between major land 
areas, the way in which one type or another can be inferred from the 
faunal evidence, and the effect that a given type has on the faunas 
that use it. In order to lend reality to these abstractions and to point 
out some further promising leads for research, one specific example of 
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EXPANSION (age AND AREA) 



NO MOVEMENT 
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/ 


EXPANSION a CONTRACTION 


Fig 1 —Diamm showiag varioua theoretical explanationB of the spread of a 
group of mammals from one place to another. The given facts are that the group oc¬ 
curs at both A and B and Is known at D later than at A. The numbered circles represent 
the limits of distnbutjon of the group at successive times^ from 1 to ft. 
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the rise of a migration route between continents is then taken and 
what happened to the continental faunas as a consequence is briefly 
considered. 

TEMPORAL PATTERNS OF MAMMALIAN DISTRIBUTION 

We commonly speak of changes in mammalian distribution as 
being caused by migration and extinction. ‘'Migration” suggests a 
trek from one area into another or periodic movement back and forth 
between two regions, both rare and unimportant phenomena in deal¬ 
ing with the broader outlines of mammalian distribution. It would be 
more accurate to substitute “expansion and contraction” for "migra¬ 
tion and extinction.”* However the words be used, it is clear that 
mammals do not as a rule acquire new territory simply by traveling 
into it but by a less purposeful peripheral expansion in all possible 
directions. Similarly, they do not usually lose territory simply by 
traveling away from it, but by a complex sequence of attenuation and 
local extinction that can be called contraction. (Fig. 1.) 

Regarding the usual relationship of spatial distribution to time, 
there are two extreme theories, that of “age and area,” expounded by 
Willis (1922), and that of “hologenesis,” advanced by Rosa (1931) 
and supported in its zoogeographic implications by Fraipont and 
Leclerq (1932). Willis is a botanist and bases his theory mainly on 
plants but believes it probably also applicable to mammals. His basic 
postulate is that new forms of life originate in, definite, limited 
regions from which as centers they expand slowly and steadily as 
time goes on. Then, as a rule with exceptions, at any given point in 
time, the area occupied by a form of life should be directly propor¬ 
tional to the age of that form of life. The theory involves various 
interesting corollaries, such as the belief that endemics or isolated 
forms of life with narrow distribution are usually young forms that 
originated where they are found and are just starting on their careers 
of expansion. 

Rosa’s theory of hologenesis, on the contrary, has the basic postu¬ 
late that a new form of life appears simultaneously over a great area, 
over the entire range occupied by an ancestral form or predecessor. 
There is, then, no such thing as a center of distribution or a cradle of 
any form of life. The distribution, as a rule with unimportant ex¬ 
ceptions, is at the beginning as wide as it will ever be. Migration 
(in any sense, or expansion), if it occurs at aU, is so insignificant that 

* Although, since usage makes meaning, 1 am not prepared to grant that “migra¬ 
tion” can not mean what nine zoogeographers out of ten use it to mean 
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the broad features of distribution are about what they would be if 
migration never occurred. The area oovered by a form of life tends 
always to decrease, not to increase. Hence as a rule area is inversely, 
not directly, proportional to age. The corollary regarding isolated 
forms of narrow distribution is that they are necessarily the relicts 
of old groups once more widely distributed. 

To a more or less orthodox zoologist Rosa’s theory seems at first 
sight so fantastic as hardly to warrant serious discussion. This is still 
more true of some of the nongeographic aspects of the theory of 
hologenesis not pertinent here. It seems so obvious that most of the 
essential geographic implications of the theory are incorrect that I 
shall not devote time to disproving them, but it is necessary to recog¬ 
nize considerable merit in the work of Rosa, especially as supple¬ 
mented by Fraipont and Leclerq, less on the theoretical side than in 
the description and emphasis of real sequences of geographic events. 
From this limited point of view both the age and area theory and that 
of hologenesis give true but incomplete pictures. One theory reaches 
an unsatisfactory conclusion, as far as mammals are concerned, and 
the other departs from an unsatisfactory postulate, but the combi¬ 
nation of the less disputable parts of the two gives a satisfactory 
result. 

One of the many moderate opinions intermediate between the 
extreme views of Willis and of Rosa is that of Matthew (1915, 1939). 
Matthew’s main thesis, now well known, is that groups tend to spread 
from centers, that the marginal forms are generally conservative and 
the central forms progressive, and that most of the main, primary 
centers of such spreading have, for mammals at least, been in the 
Northern Hemisphere, most southern mammals being relatively 
primitive types pushed away from the north by peripheral expansion 
about these centers. This thesis is not under discussion in the present 
paper, but the general type of geographic history assumed by Mat¬ 
thew to be typical for mammals is that here more explicitly supported. 
Writing in 1915, before the recent denials of the existence of centers 
of dispersal, Matthew took these as universally admitted. His work is 
full of examples of contracting phases in mammalian geographic his¬ 
tory, and it was mainly on a consideration of these that he built 
his theory. 

As a concrete example of expansion and contraction, the distribu¬ 
tion of the mastodonts is enlightening and was chosen by Fraipont 
and Leclerq as one item of evidence for hologenesis. Their map shows 
a Tertiary distribution essentially world-wide except for Australia 
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and a Quaternary distribution including all North America, a spot in 
Ecuador, one in India, and one in Java. It is not fatal to their theory 
that their facts are not straight. Mastodonts entered South America 
only at the end of the Tertiary and were typically Quaternary all over 
that continent. They died out in the Old World near the beginning 
of the Quaternary and are typically Tertiary, only, in those continents. 

The fatal flaw in the hologenetio presentation of mastodont history 
is not factual but in the method of generalization. Lumping the Ter¬ 
tiary as if it were a single point in time, they make it appear that 
mastodonts arose in situ everywhere, which is their thesis but which 
is certainly contrary to fact. In the Oligocene mastodonts are known 
only from northern Africa. Many great Oligocene faunas from other 
continents arc known, and it is inconceivable that mastodonts or any 
possible ancestors of mastodonts would be (as they are) entirely un¬ 
known in them if these then already had anything comparable to 
their maximum distribution. Similarly it is as nearly certain as such 
conclusions can ever be that mastodonts w'erc present in Eurasia 
(known in the TiOW'cr Miocene) earlier and thence spread to North 
America (not known until Upper Miocene) and that they were in 
North Amcnca long before they reached South America (not known 
until the end of the Pliocene) and spread from North America to 
South America. These facts are consistent with the age and area idea 
of expansion from a center and are radically inconsistent with the 
hologcnetic idea of simultaneous appearance throughout the whole 
range. 

On the other hand, as mastodonts declined it is evident that their 
area greatly diminished until only one or a few relicts were left in 
relatively limited regions. This part of the history, if taken alone, is 
consistent with hologenesis. It is not, in itself, inconsistent with age 
and area, which admits the reality of such cases os exceptions, but it 
becomes inconsistent if shown to be usual rather than exceptional, 
and this can, I t'hink, be shown. 

The accompanying map (Fig. 2) epitomizes what is known of 
mastodont distribution in space and time. I hold no brief for the ac¬ 
curacy of this map in detail; there are great gaps in knowledge, and 
later discoveries will necessitate changes in the distribution bound¬ 
aries of the map, which are time contours or isochrones of mastodont 
expansion and contraction. These isochrones are, however, consistent 
with what is now known (which the map of Fraipont and Leclerq is 
not), and I venture to predict that later changes of detail will not 
much affect the general character of their pattern. 
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Fig. 2 —Approximate known distribution of mastodonts at vanous times The numbered bnes, 1 to 5, represent 
stages in the expanding phasCi the shaded area a nearly terminal stage of the more rapid contracting phase The heavy 
lines roughly represent some of the major hnes of travel, or so-called migration routes 
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This I believe to be the type of pattern that would be shown by 
almost any form of life* that had run its entire course from origin to 
extinction. A form appears in some center or “cradle,” not an exact 
spot that could be marked with a monument but, say, a single biotic 
district or province. Thence it tends to spread steadily in all directions 
until it encounters insuperable barriers. After a time it begins to 
contract, possibly but not usually toward its center of origin and 
often splitting into disjunctive spots as it contracts. Finally it 
disappears. (Fig. 3.) 

The expansion of a group of animals involves actual motion. Indi¬ 
vidual animals must move from place to place, and some of them 
must travel where their immediate ancestors had never been. The 
population as a whole must move outward along its periphery. Con¬ 
traction does not, or need not, involve any motion. It does not 
necessarily mean and in reality very seldom means a contraction of 
the population in the sense that there is predominant inward motion 
along the periphery. It involves rather a p^cess of disappearance or 
extinction, commonly preceded by a general lowering or attenuation 
of the population. A population may decrease greatly and actually 
be well along in its contraction phase before it loses any significant 
amount of its range by local complete extinction. This phase of con¬ 
traction can not be simply represented by contours as in the ac¬ 
companying diagrams, and this essential difference between expan¬ 
sion and contraction must be understood if the diagrammatic 
representation is not to be misleading. 

An excellent descriptive analogy is provided by the expansion and 
contraction of icc caps. In their expanding phase there is actual 
movement outward from a center. They may begin to contract even 
while the movement is still outward, but their definitive contraction 
is accompanied by stagnation, with thinning of the ice (attenuation 
of the animal population) before any considerable regression is ob¬ 
vious. Commonly parts of the ice mass will be isolated and remain 
in situ until they melt entirely, just as relicts of once widespread 
animal groups may be isolated in one or in several separate regions 
liefore they become extinct. 

It is tempting to go into many of the details and corollaries of this 
history, but I must limit myself to mention of only one or two. As 

’ The expression *Torm of Lfe" Js intentionally vsfcuo for the purpose of generalisa¬ 
tion Of coune, it is not supposed that a singlo race or species goes through the whole 
course of sueh a cycle unchanged General racial evolution, modification in local en¬ 
vironments, and many other factors greatly complicate the issue It would be impossible 
in limited space to attempt consideration of such modifications and it would merely 
confuse the loader trends that are believed to be real despite these complications. 
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regards age and area, it is evident that this pattern is partly in agree¬ 
ment with that theory, but the theory is unbalanced in tending to 
stress the expansive phase as usual or normal and to consider the 
diminishing phase, which seems really to be an inevitable, integral 
part of the whole process, as unusual or abnormal. Whether a ma¬ 
jority of animals at any given time were really distributed in accord¬ 
ance with age and area would depend on whether more were then in 


PeRMCABLE BARRIER 



Fig 3 —Diagram of a common type of mammalian expansion and contraction, 
exemmified in varying detail by the mastodon ts and other groupa The numbered lines 
1 to 11, represent limits of distribution at various times 1 Ui o represent the primary 
expansion of the group on the land-mass where it originated, 5 to 8 contracting phases 
here. At time fi it crosses a barrier and from 5 to 8 expands on a second land-mass, con¬ 
tracting there from 8 to 11 From 0 to 8 the group has discontinuous (disjunctive) dis¬ 
tribution in two areas After 8, it is extinct in its home-land but survives abroad After 
11, it 18 everywhere extinct 

the expanding or in the contracting phase and on the relative speed 
of these phases. It seems probable that at the present time, including 
the recent past, more mammals are actually in the contracting phase, 
so that age and the area is a poor guide to the recent distribution of 
this particular group of animals. 

One other striking detail is that we can as yet seldom follow the 
actual expansion of a group of mammals within its set of barriers. 
Sometimes related mammals do really seem to appear all at once over 
the whole of a great area inhabitable by them, and subsequent ex- 
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pansioD, if it occurs, is not such in the simple age and area sense but 
is by flooding through a broken barrier: this is in part true of the 
spread of mostodonts into North America in the Miocene.^ It is these 
cases of sudden widespread appearance that are used to support holo- 
genesis, but the support is spurious.^ One reason for the apparent 
widespread simultaneous appearance is the imperfection of the record 
and of our interpretation of it. For any one age we are lucky to get one 
good fossil deposit on a continent and almost never have deposits 
so placed all over a land mass that the expansion could be recorded. 
And even if wo did have such ideal data, our usual methods of cor¬ 
relation would very seldom permit so precise a following of the real 
sequence. We usually establish a theoretical sequence by assuming 
(doubtless contrary to fact but as a workable approximation) that 
given t}q)es of mammals did appear simultaneously over the whole 
area—obviously it is then ridiculous to expect this sequence to show 
that they did nut. Only when different faunas cross barriers and im¬ 
pinge on one another is it easy to show that expansion has occurred. 
The other reason is that the expansive phase of mammals is normally 
very rapid unless definite obstacles slow it down. Once a group of 
mammals gains access to a land mass, it tends to spread over it in the 
wink of an eye, geologically speaking. A century or a millennium may 
suffice, and in most cases such periods are imperceptibly short to the 
paleontologist.' Only in dealing with recent mammals is one likely 
really to see expansion taking place on a smaller scale. 

Mammalian distribution as the paleontologist sees it is thus sel¬ 
dom concerned with the spread of any group on a single land mass. 
Relatively local differences are usually to be assigned to environ¬ 
mental or facial causes, while differences between larger areas are 
usually to be interpreted not primarily from the age and area view¬ 
point of simple time elapsed but more from the point of view of the 
rise, fall, and character of intervening barriers. The paleontologist’s 


* But I do not doubt that thev would have passed the bamer earher if they had 
reached it earlier, so that this is only a modification, not a contradiction, of the age and 
area type of expansion 

* To mention only one of several cogent reasons, because adequate data always show 
that new forms appear first only on one side and never on both sides of a barrier. 

* Willis foresaw that the great mobility of mammals might vitiate the application 
to them of his age and area theory, which as a matter of practical observation demands 
that spread shoQd be very slow, as it commonly is among plants and some animals but 
rarely among mammals His thought that the theory might, after all, apply to mammals 
was based larraly on the fact that some of them gave a ''hollow curve’' for number of 
genera plotted against number of species, but such a curve seems to me inevitable 
either in the expanding "age and area” phase or in the contracting phase. Perhaps in an 
intermediate relatively stable maximum phase it would not oceur, but even this is 
doubtful. 
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cardinal principles (open to exception) are (a) that strong differences 
between approximately contemporaneous mammalian faunas of 
similar facies imply an intervening barrier and (b) that strong 
resemblances between such faunas denote an intervening connection. 

Thus the paleontologist would seldom conclude that a given sort 
of mammal occurred on one continent but not on another simply be¬ 
cause it had not had time to reach the second, but because there was 
no likely way for it to get there. If, then, this sort of animal did later 
appear on the second continent, he would normally conclude that 
something had happened to provide the means of getting there, and 
not that the animal only then got around to using the means that 
existed all along. These interpretive principles are widely accepted, so 
much so that real exceptions to them have greatly confused zooge¬ 
ographers.' Generally true, they are the basis on which the paleon¬ 
tologist and zoogeographer collaborate with the geologist in estab¬ 
lishing the probable presence or absence of land connections between 
the continents in past times, 

TYPES AND EFFECTS OF MIGRATION ROITTES 

Comdora 

If no barrier at all exists between two areas, it is to be expected 
that their faunas will be very similar, or as far os genera or larger 
groups are concerned practically identical. Such radical differences as 
exist will be mainly or wholly caused by the survival or development 
of local forms in some narrow environment, that is, will be facial and 
not geograshic in a broader sense. 

As an example, a comparison of the living mammals of Florida and 
New Mexico (Simpson, 1936 ) shows the degree of similarity attained 
by areas in which there is no significant geographic barrier but where 
the local climates and facies are almost completely different in the 
two areas. For various reasons not pertinent here, the mammalian 
fauna of Florida is relatively small, with only a quarter as many 
species as in New Mexico, but of the orders of mammals present in 
Florida, all occur in New Mexico, of the families over nine-tenths, of 
the genera two-thirds, and of the species nearly one-fifth. If these 
were fossil faunas resemblance this great (or, as is often the case, 
greater) would warrant the conclusion that no barrier did exist be¬ 
tween the two. This criterion can be applied in close parallel. It was 
formerly sometimes supposed that when Florida first definitively 

7 Caaea of spread over ^'sweepstakes routes,'’ discussed on a later page, are the 
most oonfusing of these real exceptions 
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appeared as dry land in the mid-Tertiary it was not yet connected 
with North America. Now we have from there Middle Miocene 
mammalian faunas with ten genera surely and six others doubtfully 
identified. Of these, all but one are common in contemporaneous beds 
in western North America. The conclusion that there was no sea or 
other notable barrier between Florida and these States is inescapable. 
Such evidence suggests not merely that a bridge existed but that none 
was needed; that the two areas were part of a single land mass. 

Filler-Bridges 

When two regions are separated by a strong barrier, they develop 
quite different faunas, the differences being roughly proportional to 
the lapse of time since the regions were connected. If now some means 
of passing the barrier appears, the two faunas intermingle, but usu¬ 
ally the result is not the production of a single fauna even in the sense 
that Florida and New Mexico have one fauna. Several factors are 
concerned in the usual fact that such regions tend indefinitely after 
they are united still to have distinctive faunas, despite their sharing 
of some faunal elements. From this point of view the fact that the 
regions often are different environmentally exerts a profound effect, 
but one not of primary importance in the phenomena here con¬ 
sidered because the effect might have been analogous even if the 
regions had always been united. A more important factor is that 
biological pressure of immigrant forms may inhibit the expansion of 
some groups in one region without being sufficient to cause rapid ex¬ 
tinction, although in such cases extinction usually follov^s sooner or 
later. Equilibrium does occur but is seldom or never permanent. 

Another and for the present subject a more important reason for 
the continued distinction of two faunas between which a barrier¬ 
crossing has been established is the character (including the position) 
of that crossing. Its approaches may be inaccessible for some animals, 
and of course they can not use a bridge that they can not reach. From 
the animals that do expand into a new land mass, it is sometimes 
possible to infer where the bridge was. Thus when North America and 
Asia had a great faunal interchange in the Pleistocene, no mammals 
then confined to southern North America reached Asia and none then 
confined to southern Asia reached North America. Obviously the 
bridge was in the north and exclusively southern animals could not 
reach it. It is also noteworthy that none of the mammals that had 
come into North America from South America reached Asia. To 
reach North America they had to come through the Tropics, and none 
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was sufficiently adaptive also to pass over a relatively cold bridge. 

Here the character of the mammals themselves is a determining 
factor. What is a barrier for one is not for another, and conversely 
what is an open route for one is not for another. The Asia-North 
America bridge opened the barrier for elephants (mammoths) but not 
for gazelles. The North America-South America bridge opened the 
barrier for horses but not for bison. This strongly selective action 
depending on the position and character of the bridge and the con¬ 
sequent environmental conditions of it and of its approaches is a rule 
with few exceptions. Another way of putting this would be to say 
that the true barrier in such cases was not .the presence of a stretch 
of sea but some less obvious environmental factor, such as climate or 
vegetation, and that for these animals the apparent bridging of a 
barrier had no meaning because the true barrier remained untouched. 
(Fig. 4.) 

In the inference of intercontinental land connections from faunal 
relationships it is, therefore, wrong to demand that anything like a 
complete faunal interchange he adduced as evidence of the existence 
of the connection. A wide-open, nonselective connection, a corridor, 
is the only sort that could approach such a result, and these are rare.' 
In the whole history of mammals there are exceedingly few cases 
(e.g.. Lower Eocene between Europe and North America) where the 
evidence really warrants the inference of a wide-open corridor be¬ 
tween two now distinct continental masses. The usual sort of con¬ 
nection is selective, not acting as a corridor or open door but as a sort 
of filter, permitting some things to pass but holding back others. 
From the probable mechanism of such filtering of faunas, it follows 
that these connections were usually of narrow environmental scope 
and their continental abutments limited, drawing only on one faunal 
zone of the continent, nut on its fauna as a whole. In other words, the 
usual evidence for such connections does not suggest “lost conti¬ 
nents” comprising parts of two or more as they exist today, or even 
broad transoceanic pathways, but relatively restricted links. The 
analogy of a bridge for such selective or filtering connections is fairly 
good, and it is to them that the term “land bridge” most properly 
applies. 

From the point of view of paleogeography, the sort of bridge that 

* Europe and Asia are now connected by a corridor, but soogeoaraphioally they are 
not distinct continents One of the many arguments against the Wegener hypothesis, 
at least in any application to mammals, is that the connections that it provides are 
oorndon, but the faunal relationships on which it depends for evidence would not be 
produced by corridors 
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DiAgrammatic conception of Aeu-North Aznenca Pleistocene filter-bndge. 
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best fits the zoological evidence in such cases of extensive but filtered 
faunal interchange is an isthmian link in the sense of Bailey Willis 
(1932). The broad land bridges of many paleogeographers should be 
corridors from a faunal point of view, but isthmian links, more nearly 
than any other geologically postulated connections, fill the require¬ 
ments of a filter-bridge, which the faunal evidence shows to be the 
usual type of intercontinental connection although, of course, by no 
means the only type. 

When it is recognized that a filter-bridge does not lead to an in¬ 
tegral transfer of continental faunas, it is a practical problem to 
determine what sort and degree of resemblance does indicate such a 
bridge. There have been students who did not hesitate to build ex¬ 
tensive individual bridges in all directions to account for peculiarities 
of distribution in single forms ofjife. Thus, to mention only a few of 
his many connections,* Joleaud (1924 and elsewhere) has an indi¬ 
vidual Late Oligoccne route from Haiti to west-central Africa for 
insectivorcs, one diagonally across this from Brazil to northwestern 
Africa in the Late Eocene for certain rodents, one in the Early Mio¬ 
cene straight across the Atlantic from the United States to Spain for a 
genus of horses, Anchtthenum, one at the same time parallel to but 
south of this from northern Africa to Florida for the mastodonts, and 
so on. Similarly, von Ihering built a special bridge across the Pacific 
from South America to Asia for raccoons and bears,*** and examples 
could be multiplied. Aside from geological considerations, which in 
themselves are almost enough to exclude these particular bridges at 
these places and times, and aside from what are now known to be 
errors in the factual data adduced for them, such individual, self- 
service bridges are supposed to have acted in a way in which no 
surely established bridge is known to have acted, and I can not 
believe in their reality. 

One good criterion of the reality of a bridge is that it should have 
acted in both directions. Provided that both areas had land faunas, 
there seems to be no proved case in which a bridge has conducted 
animals only from one to the other and not in both directions. This is 
true even when one fauna was decidedly dominant and tended as a 

* Postulated not neoesaarily as bridges but possibly as connections of similar effect 
but a different sort by an “accordion" motion of the continents on Wegenenan lines 
Such a rapid summary is hardly fair either to Joleaud or to von Ihenng, who 
adduced considerable evidence for their views (although some of the evidence has since 
been shown to be erroneous), but it is necessary to mention one or two Instances as 
briefly as possible in order to demonstrate that 1 have not set up a straw man Citation 
of the vaganes of less distinguished men would not warrant mentioning the point in so 
general a review. 
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general rule to suppress the other or to inhibit its expansion. For 
instance, the South American ground sloths were doomed to extinc¬ 
tion when they came in contact with the North American fauna, but 
first they penetrated far into North America. The armadillos, also 
archaic animals such as might be expected to contract in distribution, 
have gained an even more enduring foothold in North America and 
are now (for at least 'the second time) expanding there. One of the 
best arguments against the disputed derivation of South American 
marsupials by land bridge from Australia (direct or via Antarctica) is 
that the evidence favors migration only from Australia to South 
America, with none in the reverse direetiou even though the South 
American mammals must have been at least as capable of expansion 
as the Australian." This and other evidence regarding this particular 
hypothetical migration route have been discussed elsewhere (Simp¬ 
son, 1940). (Fig. 5.) 

The second and perhaps the best criterion of the reality of a land 
bridge is that even though it rarely transports whole faunas, it does 
tend to transport integrated faunules. It does not transport all the 
genera of a continent, but neither docs it transport one genus all by 
itself. For instance, it is improbable that only herbivores or only car¬ 
nivores would cross such a bridge (although they need not both cross 
in the same direction). Where herbivores go, carnivores can and will 
accompany them, and carnivores can not go where there are no 
herbivores. The postulation of land bridges on the basis of one or a 
few mammals is thus very uncertain. Unless there is reasonable possi¬ 
bility that their companions have not been discovered, a theoretical 
bridge based on such evidence is probably unreal. 

Sweepstakes Routes 

There are, however, instances of migrations of single groups of 
mammals or of unbalanced faunas that did occur but that do not 
meet these criteria for filter-bridge connections and, of course, still 
less those for corridors. Many insular faunas are of this type, as a 
whole. Madagascar and the West Indies are classic examples. As 
carnivores, Madagascar has only peculiar viverrids, relatives of the 
civets, although nearby Africa is abundantly provided with cats 

“ It ifl conceivable that a bndge miKht function in one direction by a sort of lock or 
storm-door action, an otherwise uninhabited region receiving a fauna first from one 
source, losing that connection, and only then being united with a second continent, so 
that animals would be transported from the first to the second but not in the other 
direction There is, however, no good evidence that such a peculiar sequence of events 
ever actually happened and it should hardly be postulated except in the absence of any 
acceptable altematlve hypothesis 
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large and small and various other carnivores. Madagascar’s insecti- 
vores and rodents are also peculiar and each group is related to only 
one of many African types. Madagascar has many primitive primates 
and lemurs, but no apes or monkeys. These are all ancient forms 
and constitute a very unbalanced fauna that must have entered 
(whether together or separately) by the middle Tertiary at latest. 
The only ungulates are a pigmy hippopotamus (now extinct) and a 
bush-pig, both of which must have reached Madagascar much later 
than its other mammals and which are, again, an example of migra¬ 
tion that can not possibly be explained by an ordinary filter-bridge. 
In the West Indies the Pleistocene land mammals included only 
peculiar rodents, insectivorcs, and ground sloths, without any of the 
ungulates, carnivores, and other groups abundant on all adjacent 
continental areas. This fauna, too, is inexplicable as a result of normal 
filtering on a land bridge such as is here envisioned. I am aware that 
some excellent authorities do maintain that these faunas arrived over 
bridges (see general summary in Schuchert, 1935), but I can not feel 
that they have clearly seen or considered the conditions that could 
give such a result. (Fig. 6.) 

There are also instances of the appearance of isolated immigrants 
on continental masses. A curious and relatively neglected example, 
among many that might be cited, is that of the sudden appearance 
in South America of small relatives of the North American raccoon. 
These procyonids appear as fossils in the Late Miocene or Early 
Pliocene of Argentina definitely before any of the other carnivores or 
any of the abundant North American ungulates reached there. Since 
in this case a filter-bridge certainly existed at a later time, it is usual 
to assume that the procyonids came on this bridge and that their 
appearance dates the formation of the bridge as a practicable migra¬ 
tion route or true and complete filter-bridge. If, however, wc consider 
only the time when the procyonids did appear, disregarding our 
knowledge of w'hat was destined to happen later, such a conclusion is 
not warranted. If my previous remarks as to filter-bridges are true, 
or are acceptable as a theory of general tendencies, then it is wrong 
to conclude that a bridge can account for the appearance of this one 
group of small carnivores and no other animals of similar geographic 
origin at that time, unless the bridge was then so nearly impassable 
as not to warrant the name in its usual accepted sense. 

The late W. D. Matthew, who was probably the most distinguished 
and best informed student of problems like this, concluded that insu¬ 
lar and highly unbalanced faunas were probably to be accounted for 
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Diagrammatic conception of the “aweepatakea" route between Africa and Madagascar. 
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by sporadic transportation of land animals on natural rafts, without 
the existence of a dry-land route (Matthew, 1918,1939). This opinion 
has been severely criticized in some quarters. It has been claimed or 
felt, even by some adherents of Matthew’s general thesis of "Climate 
and Evolution,’’ that this sort of adventitious migration is dragged 
in when necessary to explain away any facts that contradict the main 
thesis. 

It has not been sufficiently emphasized even by Matthew that the 
role of such a theory may be positive and primary, not merely nega¬ 
tive and supplementary. Adventitious migration has indeed been 
used and sometimes abused simply to get inconvenient facts out of 
the way of a favored hypothesis, but there are instances in which 
adventitious migration is itself the most probable hypothesis and the 
most economical theory. In the cases of the faunas of Madagascar 
and the West Indies, for instance, I strongly favor this explanation, 
and I do so not at all in order to explain away data for a land bridge 
where I do not want to believe in one—as Matthew has, quite in¬ 
correctly, been accused of doing. It is to be favored because it does 
explain, simply and completely, facts that the land-bridge theory 
does not explain. 

This sort of migration can be extended to include cases other than 
those of transportation by natural rafts, although doubtless these 
provide the most common instances. Any barrier, whether of water, 
climate, biota, or other, may or will be involved in such migration if 
its crossing at any one time is highly improbable but is not impos¬ 
sible. The action is not merely like that of a relatively less permeable 
filter but is different in kind as well as in intensity. A filter-bridge 
permits some animals to pass and holds others back, but in general 
those that can cross it do cross it and do so fairly soon after the bridge 
becomes available to them. It is relatively deterministic as to the fact 
of crossing, as to the animals that do or do not cross, and as to the 
time of crossing. An adventitious route, which I call "a sweepstakes 
route’’ to emphasize this characteristic, is indeterministic. Its use 
depends purely on chance and is therefore unpredictable and, except 
in a broad way, can not be clearly correlated with other events in 
time and space, as filter-migration can. 

If a sweepstakes route exists, it depends on chance whether a given 
type of animal that can cross it will really do so, which of two types 
of animals will cross first, and when any particular types will cross 
it. It is, for instance, my belief that such a sweepstakes route for land 
mammals now exists between Asia and Australia, that it has existed 
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since toward the end of the Mesozoic, and that no more tangible 
route, such as a filter-bridge, has existed there during that time. Cer¬ 
tain Asiatic mammals can not follow such a route, and in this sense 
it, too, has a filtering action. It is not really a route for such mammals: 
they do not hold tickets in the sweepstakes. Other mammals, par¬ 
ticularly small arboreal types, can. All these have tickets in the 
sweepstakes, some types holding more tickets than others and so 
having more chances, and any of them might win at any time, but any 
one is unlikely to do so at any one time and the less likely can win be¬ 
fore the more likely do. A given sort of mammal might have crossed 
at once, might have crossed at any time from Cretaceous to Recent, 
or might never have crossed. Whether it crossed and when it crossed 
were matters of chance, in a sense almost exactly analogous to the 
chance of throwing a given point with dice. (Fig. 6.) 

This is, I think, the only theory yet advanced that really is capable 
of explaining all the peculiarities of the Australian fauna and many 
similar but less extreme peeuliarities of land faunas in other parts of 
the world. That such theories have not received much attention and 
that they are uncongenial to many zoogeographers are perhaps a 
reflection of the mechanistic scientific philosophy donunant in the 
Victorian age, from which zoogeography has not fully emerged. Land- 
bridge migration seems more mechanistic because it is often more 
simply predictable. In fact, of course, it too depends on chance, but 
here on the chances of a probable event, whereas sweepstakes migra¬ 
tion depends on the chances of an improbable event.*^ The viewpoint 
involved is, I believe, new, and it merits detailed consideration, but 
this can not be given it here. Among other points, the physical nature 
of such sweepstakes routes needs study. It is not to be suppo.sedthat 
they are invariably island stepping-stones or that natural rafts are 
the sole means of transport involved. 

A FILTER-BRIDGE IN ACTION 

As an example of what actually happens when two continents are 
united by a filter-bridge, the case of North and South America is one 
of the most interesting and the facts about it are now fairly well 
known. These continents were separated (except, probably, for a 
sweepstakes route) almost throughout the Tertiary. Toward the end 
of the Pliocene they were united by an isthmian link antecedent and 

” Btudents of Btatistics will recognise a relationship with the binomial of probability 
approaching forms like the normal distribution when chances are about equal and ap- 
proaehing^rms like the very different Poisson distribution when chances are very 
unequal. 
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similar to that now existing, the Isthmus of Panamar For the mam¬ 
malian faunas this was and is a filter-bridge. 

Just before the two continents were united. South America had 
about 29 families of land mammals and North America about 27.** 
With two doubtful exceptions,** they did not then have any families 
in common. Shortly after the union of the continents, in the Pleisto¬ 
cene, they had 22 faipilies in common, 7 of South American origin, 
14 North American, and 1 doubtful. Some extinction already having 
taken place. South America then had 17 native families still confined 
to it and North America 9.** With further extinction and some 
further migration, the Recent faunas of these continents have 14 
families of land mammals in common and there are 15 families con¬ 
fined to South America (not all native) and 9 confined to North 
America. There was thus a great faunal interchange but one that 
never produced even approximately identical faunas, involving many 
mammals from each continent but never all or even the majority— 
a typical picture of the action of a filter-bridge on the continental 
faunas at each end of it. 

In passing, there are various interesting facts involved in these 
summary figures. The South American fauna is now' about as rich os 
it was before the interchange, but very different. North America has 
a decidedly poorer fauna than before the interchange, but its general 
composition has not changed so much as in South America. Both 
faunas reached their maximum in variety soon after the interchange 
and later declined. 

The broad outlines of what actually happened can be seen by 
summary of the histories of the various major groups of mammals 
involved. 

Certain groups expanded into the other continent and became per¬ 
manently at home there, without losing much of their former range, 
the “age and area” type of expansion. The groups of which this is true 
were almost entirely of North American origin and include some ro¬ 
dents, especially the cricetids, most of the carnivores, and, among 
ungulates, the deer. Among South American mammals only the por¬ 
cupine can unquestionably be placed in this category although there 
are one or two other less clear or more complex cases, e.g. the peba 
armadillo. 

The exact figures depend on the elaseifieation used and are not important except 

as they express relive values. 

l^delphidae and Prooyonldae, possible exceptions for different reasons not af- 
fectiDK the basic situation here desorioed. 

Some of these, on each side, did mansM to spread slightly beyond the isthmus, 
but not to colonise the other continent widmy. 
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Some groups seem to have been almost unaffected. It must be 
supposed of these that they had not reached a contracting phase in 
their history, that a barrier continued to exist for them (the filter- 
bridge filtered them out of the flow of mammals), and that the con¬ 
tact of new types of mammals was not lethal. This is true of a few 
more South American than North American mammals, but the differ¬ 
ence is not significant. In North America the moles, pocket gophers, 
beavers, kangaroo-rats, prongbucks, bison, and a few others belong 
here. In South America the (tree) sloths, anteaters, most of the 
armadillos, the monkeys, and most of the native rodents (eight fami¬ 
lies out of twelve, and lesser groups in the other families) may be 
mentioned. Some of these managed to get onto the bridge (for in¬ 
stance several sorts of monkeys), but none really succeeded in cross¬ 
ing it. 

I do not know of any single unified theory that would account well 
for the fact that these animals did not cross the bridge and yet did 
not markedly contract. The age and area theory demands that they 
(or most of them) be new groups that have not yet had time for this 
expansion, but this is clearly false. Most of these are ancient types of 
animals in their own continent. All certainly have had ample time 
to cross the bridge if they were going to do so. They are not incon¬ 
sistent with Matthew’s “Climate and Evolution” theory, but neither 
does it explain them; these data are outside that field of theory. The 
reasons are probably too varied to be reduced to a formula more spe¬ 
cific than that of general filter action. For many of these animals, such 
as the monkeys, the absence of necessary environmental conditions 
beyond the bridge is an evident reason for their stopping where they 
did. Others, like the bison, were evidently kept by analogous environ¬ 
mental barriers from reaching the bridge. In some cases, for instance 
many of the rodents, it is hard to believe that the physical, climatic, 
or floral environment can have sufficed to prevent their spread and 
the most reasonable inference seems to be that these animals were 
able to maintain their places in the shifting fauna aroimd them, in the 
region where they were well acclimated, but not quite able to invade 
the same ecologic niches where these were already occupied under 
somewhat different conditions, even though these conditions would 
not have been deterrent if there were no competition. The explanation 
is vague and not very satisfactory because it seems unlikely that so 
delicate an equilibrium could long be maintained. 

Some groups began to contract at or soon after the time of faunal 
interchange. Doubtless some would have contracted an 3 rway, but it 
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can not be coincidence that so many did so just at this time. In North 
America there were few examples of this. Some North American 
groups have contracted since the connection with South America, but 
in these cases there is little doubt that the contraction had quite 
different causes and would have occurred regardless of the rise of the 
land bridge in question. In South America, however, the sharp con¬ 
traction and eventual extinction of all the native carnivores (the 
borhyaenid marsupials) and all the native ungulates (notoungulates 
and litopterns) undoubtedly were related to this event and so, prob¬ 
ably, was the contraction, with or without extinction as yet, of 
various native rodents and of the caenolestid marsupials. 

It is highly improbable that none of these animals could have 
crossed the bridge successfully as far as most environmental factors 
go. Some of the notoungulates and borhyaenids, for instanse, were 
ecologically similar to animals that did cross the bridge and they lived 
in environments abundantly available in North America. The only 
probable explanation is that these animals were biologically inferior to 
immigrants from North America. The impact of the latter not only 
prevented the expansion of these South American groups but also 
started or hastened their contraction. The contraction was slow in 
some cases, occupying a million years or more, but it effectively pre¬ 
vented acquisition of new territory and in most cases has now ended 
in extinction. In this instance, and probably this is the rule for mam¬ 
mals, expansion of groups that did expand was plainly more rapid 
than the contraction of those that did contract. 

A final category is provided by the various sorts of mammals that 
expanded when the continents were united but that later contracted 
again. This was true of about as many North American as South 
American mammals. It is a phenomenon still more complex than those 
already mentioned and the land mammals so affected may be placed 
in three categories: 

1. Those that expanded into the other continent and then became extinct 
in both: 

(a) Of ^uth American origin: Qlyptodonts, ground sloths (several 
families) 

(b) Of North Amen can origin: Gomphothorcs (bunodont masto- 
donts),** horses. 

2. Those that expanded into the other continent and then contracted 
(or in one case became extinct) there but were not much restricted in their 
original home: 

^ These were not ultimately of North Amenoan origin, but those involved in this 
interchange were. Throughout this dlscusaion North American origin means simply not 
South American, only these two continents being considered. 
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(a) Of South American origin: Capybaras, annadilloB. 

(b) Of North American origin' None 

3. Those that expanded into and survived in the other continent and 
became restricted or extinct in their continent of origin: 

(a) Of South American origin; None 

(b) Of North American origin: Tapirs, camels, peccaries, short-faced 
bears.” 

The first of these three categories can be dismissed (although hardly 
explained) as including groups that would have become extinct in any 
case but that happened to share in this last expansive movement 
before fatal restrictions set in. The last two are complementary and 
show an interesting relationship. No North American groups be¬ 
came extinct in South America and not in North America. If they 
became extinct in South America they were, so to speak, slated 
for extinction anyway and the new environment did not save them. 
On the other hand several North American groups became ex¬ 
tinct at home but not in South America.’* These were, then, contract¬ 
ing groups, for which extinction was postponed by the change of 
environment. South America Avas an asylum for them in their re¬ 
treating phase and the preceding expansion was rather an incident 
than an indication of potency against their old environment. Here 
again both the age and area and the hologenetic theories are far 
beside the point when confronted by the actual facts. On the other 
hand, this particular class of facts is broadly consistent with Mat¬ 
thew’s views, especially when details here omitted are considered. 

South American groups that were contracting, or were destined 
soon to contract, in that continent either were unable to reach or, in 
rarer cases, did reach but could not survive in the northern con¬ 
tinent. Even some animals that remained potent and at least did not 
markedly contract in South America were unable to maintain them¬ 
selves in North America after reaching there. Generally speaking, the 
faunal interchange was far from equal. In the long run the two faunas 
did not mingle as much as one invaded the other. The North Ameri¬ 
can mammals were on the whole definitely more potent and more 
expansive than the South American, both in their ability to migrate 
and in their ability to survive, a generalization supported by the 
following tabulations, in which the figures are numbers of families of 
land mammala known to have existed in the two continents at about 
the time when the bridge arose. (Doubtful cases are omitted.) 

These have also contracted considerably in South America. 

I include peocanes in this group because they contracted greatly in North 
America (also, but to far leas extent, in South America) and hi all probabibty would 
have become extinct In the north if no asylum had been offered them, and may Indeed 
still become extinct first in the north. 
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Tablb 1.— Association or Miohation and Survival with 5RoaRAFHic Obiqin 


.. ... 

Of Booth 

Of North 

lUtio of imtiof. 
fftToiing North 


Amerleui 

Ameriouk 


oridn 

origin 

Amarfoa 

Migrated to other continent 

Did not migrate to other continent. 

7 

14 


21 

11 


Ratio 

.33 

1 27 

3.8 

Now surviving 

17 

21 


Now extinct 

11 

4 


Ratio. 

1 66 

6 26 

3 4 


These differences are statistically significant, the first surely, the 
second probably. 

A priori it would be expected that the ability to accomplish such a 
migration, an indication of expansive power at the time, would be 
related to ability to survive. It is possible that there is a relationship 
here, but if so it is more complex and involves other factors. Simple 
tabulation of the same families shows no such tendency: 


Table 2 —Association of Migration with Survival 



Mlgrmted to other 

Did not migrato to 


oonUnfimt 

other oonUnent 

Now Hurvmng 

16 

23 

Now extinct 

6 

9 

Ratio . 

2 60 

2 .6Q 


The difference is far from significant. As far as these figures show, a 
family capable of spreading to the other continent was no more likely 
to survive than one that did not spread.'* Thus in the final outcome 
of the interchange, as far as yet reached, the ability of these faunas 
to expand and their ability to survive are both associated with geo¬ 
graphic origin, or biologically with the general character of the his¬ 
torically northern, Holarctic, as opposed to the historically southern, 
Neotropical, fauna. But ability to expand and ability to survive are 
two different faunal characteristics in this instance with no apparent 
relationship to each other. 

Like so many phases of this great subject on which I have barely 
been able to touch in passing, this unexpected conclusion has far- 
reaching implications and merits much more detailed consideration 
than can now be given it. An enormous amount of work has been done 
to unearth the facts of faunal distribution in the past and present. 

Uae of smaller taxonomio units, such as genera, dves larger figures but obeoures 
the conclusion sought Commonlv the act of spreading from one continent to the other 
was accompanied by evolution oi generic rank. The use of actual phyla would be ideal 
but is impractical because these are not sufiieiently well known in many oases. 
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Far less progress has yet been made in finding the broad interpretive 
principles that may be revealed by these facts. Here an effort has been 
made to indicate what a few of these principles may prove to be and, 
more particularly, to suggest a few of the lines of attack that may 
lead to clearer grasp of these and to the discovery of others. 
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PALEOBOTANY .—The Pliocene Eemeralda flora of west-central 
Nevada.^ Daniel I. Axelrod. (Communicated by Ro¬ 
land W. Brown.) 

One of the results of recent collections of later Tertiary floras over 
the Great Basin province has been the discovery that the Esmeralda 
flora described by Knowlton (1900) from the northern end of the 
Silver Peak Range, Esmeralda County, Ncv., is distinct from the 
Coal Valley flora reported by Berry (1927), which lies in the drainage 
of the East Walker River 75 miles northwest. A well-preserved flora 
of approximately 50 plants has been collected at Coal Valley and will 
form the basis of a subsequent paper. The present brief report adds 
six species to the Esmeralda flora and includes an analysis of pre¬ 
viously collected material now at the United States National Mu¬ 
seum. Acknowledgement is made to Dr. Roland W. Brown for 
assistance in examining the collections, to the Carnegie Institution 
of Washington under whose auspices the collections were made, and 
^ Received November 20 1930. 
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to the National Research Council for the grant* of a fellowship to 
study the later Tertiary floras of the Great Basin province. 

The Esmeralda formation is in large part a fresh-water deposit, 
made up of shales and coal seams in the lowest part, with sandstones, 
conglomerates, and volcanics occurring higher in the section. Al¬ 
though a vertebrate fauna has been collected from these beds (Stir- 
ton, 1936), determinable plant remains are nowhere abundant, and 
with the exception of an occasional specimen the flora is poorly 
preserved. Under ordinary circumstances any revision of the Esmer¬ 
alda would at best be largely tentative. How'ever, by comparing it 
with the Miocene Tehachapi flora 200 miles southwest and the Lower 
Pliocene Truckee floras 110 and 150 miles north, it has been possible 
to arrive at a more accurate evaluation of the Esmeralda species for 
nearly all of them occur in those beds. The following 16 plants are 
considered to represent the Esmeralda flora: 

SYSTEMATIC LIST OF SPECIES 

PTERIDOPHYTA: 

POLYPODIACKAE: 

Dryopteru obscura (Knowlton) Berry. 

SPERM ATOPHYTA: 

Gymnospermae : 

Cuprcsaaceae; 

Juntpema nevadetma, n. sp. 

Anqiospermae: 

Monocotyledonae: 

Cyperaceae’ 

Cyperactlea sp 

Dicotyledonae: 

Salicaceac. 

Populua alexanden Dorf. 

Populua nevadenata (Knowlton) Axelrod, n comb. 

Saltx kemenaia Axelrod. 

Sabx vacctntfolta Knowlton 

Fagaceae: 

Querena poUardtana (Knowlton) Axelrod, n. comb. 

Qttercrta tumert Knowlton. 

Ulmaceae 

Cellta lacuatria (Knowlton) Axelrod, n comb. 

Berberidaceae 

Mahoma tnargtnaia (Lesquereux) Arnold. 

Lauraceae: 

UmbeUiUana aaltetfoha (Lesquereux) Axelrod. 

Nymphaeaceae: 

Nymphaeitea nevadenata (Knowlton) Brown. 

Rosaceae: 

Cercoearpua cuneaiua Dorf. 

Prunua nevadenata (Knowlton) Axelrod, n. comb. 

Ericaceae 

Areioaiaphyloa preglauea Axelrod. 
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The presumed relationships of the 13 woody plants to modem species are 
indicated below. The rush water-lily {NymphaetieB)^ and fern 

{DryojderiB) have not been included because they are represented by ma¬ 
terial too lacking in diagnostic characters to warrant reference to any living 
species. 

Fossil Species Nearest Related 

Modem Equivalents 

ArctosUiphyloB preglauca A glauca 

Celita lactLstria C. reitcukUa 

CercocarpiLB cuneaiuB C. beiuloides 

Juntperus nevadensta J. utahenBia (caltfomtca) 

Mahonia marginaia M. fremonitx 

Populw edexanderi P. tnchocarpa 

PopuhiB nevadensiB P. tremuloideB 

Pruniia nevadenats P. andersonti 

QuercuB poUardiana Q, chryaoleptB 

Quercus lumert Q, tumert 

t^lix kemeriBiB S. bonplandtana var tourneyt 

Salxx vacctmfolta S, exigua 

Umbellularia aaltetfoba IL cahfomica 

Oaks dominated the fossil flora and together with the juniper comprised 
a savanna-woodland community whoso regular associates include the moun¬ 
tain mahogany {Cercocarpua), barberry (Mahonta), manzanita {Arclo- 
aiaphyloa), and desert peach (Prunua) The remainder are either hygrophi- 
lous, such as the water-lily {Nymphaeiiea) and rush (Cyperadlea), or are 
forms largely inhabiting stream banks m arid regions. 

Although seven of these plants have survived down to the present in the 
White Mountains 30 miles west of the fossil locahty, and nine of them 
commonly occur along the desert slopes of southeastern California, there are 
two regions in particular that are significant, as shown in table 1. 

Table 1.—Distribution of tbb Nbabsbt Related Modern Equivalent 
Species or the Esmeralda Flora 

Species 

Areio$taphylo9 glauea, 

CiUiar^iemaia . 

Csrcocorpus betidoidM 
/um'pem utaheruk ,.. 

MakoniafremonHi . 

Popvlua iremvloidaa ,... 

PopuliM triehocarpa .. . 

Prunuf andarMonti 
Quareua orifonica.. . 

Qttsroiis eKryatdapia 
SaUx honptimdiana ... 

BaJiixaxigyA . 

UwhaUmaria califomiea 


White 

Mountains 


Desert Slopes, 
Southeastern 
California 


Kern River 
Canyon 


Southern 

Arisona 
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The flora of the middle Kern River canyon area is cliaractcnsed by oaks 
and juniper scattered over the canyon slopes, with the willow, hackberry, 
California laurel, and desert peach limited to the stream banks. Two of these 
plants, the California laurel and mansanita, clearly form a climatically sen¬ 
sitive unit in the flora, for they do not range with the remaining species onto 
the desert slopes where conditions are more extreme. Nevertheless, it is to be 
emphasized that the Ardoaiaphyloa and UmbeUularva arc approaching 
desert-border conditions in the Kcm River canyon This is shown by the 
occurrence of Prunua andersomi in the area, in addition to such typical 
desert species as Enceha frutescensy Ephedra nevadenstay Hymenoclea saZsofa, 
Lyctum anderaontiy and Tetradjpma aptnoaa (Coville, 1893, p. 3)* ft seems 
clear that conditions now obtaining in areas of the southern and interior dis¬ 
tribution of the manzanita and California laurel approximate the Esmeralda 
climate. Although the aspen does not o<‘cur in the central Kem River can¬ 
yon area, it grows under a wide range of conditions in western North Amer¬ 
ica The writer has observed it in eastern California and western Nevada 
with many plants having equivalent species in the Esmeralda flora. It may 
be recalled that the aspen has been recorded in the Pliocene Mount Eden 
flora of southern California (Axelrod, 1937), where it is associated with five 
plants that occur also in the Esmeralda. 

Nine of the modem equivalents of the flora may be found in southern Ari¬ 
zona, where they also form part of the woodland community, but the Cali¬ 
fornia laurel, black cottonwood, manzamta, and desert peach are absent. 
However, the desert peach is replaced here by Prunua faaciculalay one of its 
common associates in southeastern California, and both the cottonwood and 
manzanita are represented in southern Arizona by species having somewhat 
similar ecological requirements. Since the climate of southern Arizona dif¬ 
fers from that of California in its biseasonal distribution of rainfall, the wil¬ 
low (Sahx honplandtana) and oak {Quercua arxzonica) limited to this area 
clearly represent another climatically important group in the flora It is 
critical that both have fossil representatives in the Miocene Tehachapi flora 
(Axelrod, 1939), and that they lived in California at a time when rainfall had 
a distribution of the present southern Arizona typo. Additional plants in 
the Esmeralda flora occurring also in the Tehachapi include all species ex¬ 
cept the juniper {Juniperua nevadenaia)^ manzanita {Arctoataphyloa preglau- 
ca), and riUow (Sahx vacctntfoha), but all these would also form a consistent 
element in that flora. The piersistence of these plants into the later Tertiary 
in the southern Great Basin shows clearly that they form a floristic group 
which has been segregated into regions now isolated by desert in compara¬ 
tively recent geologic time (Axelrod, 1939, p. 65). 

Since the conditions in the Kern River canyon and in southern Arizona 
are considered to most nearly approximate the climate of Esmeralda time, 
it is desirable to compare briefly the climate of these areas with that now pre¬ 
vailing at Esmendda. Present conditions at the fossil locality, as judged from 
data for Mina 25 miles north and at the same elevation, are as follows: 
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Annual rainfall. .4 inches 

Average annual temperature ... 64**F. 

Average July maximum temperature . 05°F. 

Average January minimum temperature lO^F, 

Highest temperature recorded 109®F. 

Lowest temperature recorded... 22®F. 


Although precipitation at Esmeralda amounts to only 4 inches annually, it 
ranges from 12 or 14 to as much as 18 inches in areas where vegetation re¬ 
sembles the fossil flora From these data it is clear that annual rainfall has 
been lowered about 10 inches since Esmeralda time. Temperature data are 
more difficult to evaluate, but the following points seem worthy of note; (a) 
Average annual temperatures in areas showing relationship to the fossil 
flora are about 5^F. higher than those now at Esmeralda; (b) average maxi¬ 
mum summer temperatures are 4® or 5°F. lower, and average January mini¬ 
mum temperatures arc from 5° to 10®F. higher, in areas where the fossil 
flora has the greatest proportion of its nearest related species; (c) extreme 
summer temperatures are nearly alike in all of the areas; (d) extreme winter 
temperatures are at least higher in areas where the Esmeralda has its 
greatest relationship to modern vegetation. 

From this brief consideration of the floristic and climatic relationships of 
the Esmeralda flora, it may be concluded that the and basin was surrounded 
by an oak-juniper community whose associates included species of barberry, 
manzanita, mountain mahogany, and desert peach. Growing along the 
streams that flowed into the lake, and about its margins, were species of 
hackberry, California laurel, aspen, cottonwood, and willow Rushes and 
ferns formed dense communities along the borders of the lake, which also 
supported colonies of water-lily Although the occurrence of Prunus ncp- 
adensis in the flora suggests that certain members of the sagebrush for 
mation may have occupied drier sites over the area, the predominance of 
grazing vertebrates in the formation indicates grassland was dominant. 
Rainfall was in the neighborhood of 12 to 15 inches annually and was dis¬ 
tributed as summer thundershowers and winter rains. This is shown by the 
presence of the southern oak {Quercua lumen), willow (Sdlix kemenata), and 
barberry (Mahonia marginata) in the flora, and by the occurrence also in 
relatively contemporaneous floras to the north and south, of fossil species 
which may be referred to such characteristic southern plants as walnut 
(Juglana mpeatna), locust (Robtnta neo-mexteana), oak (Quercua hypoleuca), 
ash (Fraxinua veluiina), and soapberry (Sapindua drummondit). In addition, 
it is to be pointed out that the early Pliocene floras of central California pro¬ 
vide ample evidence of summer precipitation (Axelrod, 1939, p. 68; Axelrod, 
1940). It is to be expected that rainfall was distributed biseasonally in west¬ 
ern Nevada at this time, when the present Sierra Nevada barrier at the west 
was a relatively low mountain range. Temperature conditions in the Es¬ 
meralda area were more nearly like those now found on the western slopes 
of the southern Sierra Nevada and in southern Arizona, which differ most 



168 JOURNAL OF THE WASHINGTON ACADEUT OF SCIENCES VOL. 30, NO. 4 


from the present Nevada climate in having considerably milder winters. 

The lowering of rainfall 10 inches in post-Esmeralda time and the more 
extreme winter temperatures at the fossil locality are reflected elearly in the 
character of the modern flora, for all the area is Great Basin Sagebrush 
(Clements, 1920) Although scattered jumpers occur in the Silver Peak 
Ilange several miles south, the nearest forest cover of any considerable ex¬ 
tent is at higher elevations in the White Mountains along theCalifomia-Ne- 
vada boundary 30 itiiles west. The major factor accounting for the restriction 
of tree growth into the higher mountains has been the decrease in rainfall 
due to the interception of rain-bearing winds by the rising Sierra Nevada 
barrier at the west. The delimitation of the interior region resulted also in 
greater extremes of winter temperature,and these have played an important 
role in limiting such plants as the California laurel and mansanita to the 
western slopes of the Sierra Nevada. Plants whose modem representatives 
now occur in the southwestern United States and northern Mexico were 
eliminated gradually as summer thundershowers disappeared over the west¬ 
ern portion of the province Although this floristic evolution over the area 
has already been outlined (Axelrod, 1930a), it will he discussed in detail 
after the floras over the region, which are distnbuted from southern Oregon 
southward for 800 miles into the Mohave Desert, have been more thorough¬ 
ly studied. 

There is no need of reviewing here the various ideas with respect to the 
age of the Esmeralda formation It is sufficient to point out that Stirton has 
recently summarized the vertebrate eridcnce (1936), and places the forma¬ 
tion m the liOwer Pliocene (p. 183) Paleobotanical data point also to a Ia)w- 
er Pliocene age for the flora. The absence of the typical Miocene Asiatic and 
broad-leaved deciduous genera in the flora definitely establishes its Pliocene 
age (Chaney, 1936, 1936a, 1938). Whereas such Miocene genera as C'e6a/Aa, 
Nelumbo, Trapa, and Zetkova occur in the Coal Valley flora 75 miles north¬ 
west, none of them are known to appear in the Esmeralda flora. Their ab¬ 
sence here indicates its post-Coal Valley age, a fact consistent with the 
occurrence of vertebrates representing the Nanntppw tehonensta zone (Up¬ 
permost Miocene or basal Pbocenc) at Coal Valley.* Although characteristic 
Miocene genera and species are known to have survived into the Middle 
Pliocene of west-central California under the influence of moderating coastal 
conditions (Axelrod, 1940), are abundant in the early Pliocene along the 
windward slopes of the Sierra Nevada 140 miles west (Condit), and have 
been recorded from the basal Pliocene of the northern Great Basin (Dorf, 
1936), they arc known only to have persisted as occasional relicts into the 
Pliocene of west-central Nevada. It is to be expected that the later Tertiary 
floras of the western Great Basin, situated on the leeward side of the rising 
Sierra Nevada barrier, would show a reduction in the regular members of the 
northern Miocene elements earlier in the epoch than floras on the windward 

* R. A Stirton, oral communication, 1930 
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slopes of the range or to northward. The replacement of the northern Mio¬ 
cene elements by plants whose modem descendants now occur in the south¬ 
western United States and northern Mexico, is a regular feature of the Lower 
Pliocene floras of this area (Axelrod, 1938, 1030), and clearly indicates the 
age of the Esmeralda flora. 

The Esmeralda is intermediate in its composition and climatic indications 
with respect to the Ricardo flora 175 miles south (Webber, 1033; Axelrod, 
1039, pp. 78-84), and the Lower Pliocene Truckee flora at Fallon now under 
investigation, which lies 110 miles northwest. The Ricardo is dominated by 
oaks’ and these appear to have formed a savanna community Fan-palms 
and locust occurred along the slreanns in this area, and from higher eleva¬ 
tions C3rpress and pinyon pine contnbuted occasional stem fragments to the 
Ricardo deposit. The climate at Ricardo during Lower Pliocene time was 
characterised by high ranges of temperature and a yearly rainfall of from 10 
to 14 inches, distributed as summer thundershowers and winter rains. The 
Truckee flora at Fallon is dominated also by an oak-juniper community, and 
the hackberry, cottonwood, and willow occur here as well. A limited repre¬ 
sentation of the montane forest (Pinna, Abiea, ArbtUua, Caaianopata, Amelan- 
chier) at Fallon shows that the climate in this area, which lies 110 miles 
northwest, received a greater amount of rainfall and had lower ranges of 
temperature than the Esmeralda region. 

From these relationships it is possible to conclude that the lowlands over 
the area from Fallon southward into the Mohave Desert were charactenzed 
by a woodland formation during Lower Pliocene (Axelrod, 1939a). North¬ 
ward, where annual rainfall ranged from 14 to 17 inches in the lowlands, 
members of the montane forest were limited to the adjacent hills Precipita¬ 
tion decreased southward, limiting members of the montane forest to higher 
elevations, and in the western Mohave area, as well as along the borders of 
the Colorado Desert (Axelrod, 1937), plants of desort-border character oc¬ 
curred in the woodland region which had a rainfall of from 10 to 14 inches 
yearly. 

Cancluaiona. —(1) Recent collections of later Tertiary vegetation over the 
Great Basin have shown that the Esmeralda flora dosenbed by Knowlton is 
distinct from the Coal Valley flora reported by Berry, which is located 75 
miles northwest. 

(2) The Esmeralda flora contains 16 species, including a fern, two aqua¬ 
tics, and 13 trees and shrubs whose nearest related modern descendants now 
form an oak-juniper community. The assemblage displays a close relation¬ 
ship to modern vegetation now living in southern Arizona and along the 
western slopes of the southern Sierra Nevada. 

(3) In its climatic and floristic relationships, the Esmeralda is intermediate 
with respect to the Ricardo flora at the south and the Fallon flora to the 
north. 

* Continued exoavstione at the Ricardo Petrified Forest have shown oak to be the 
dominant speoies. 
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(4) Whereas the Esmeralda is of I^wer Pliocene age, the Coal Valley flora 
contains members of the northern Miocene forest flora and is of Uppermost 
Miocene age. 

SYSTEMATIC DESCRIPTIONS* 

Family Polypodiaceab 
Dryopteria obscun (Knowlton) Berry 

Dryopieria obscura (Knowlton) Berry, Proc. U. S. Nat Miis 72(16): 6. 
1927 

Fragments of fern pinnae arc exceedingly abimdant in the shales associ¬ 
ated with the coal workings at the base of the formation south of Coaldale 

Family Cupbbssacbab 
Juniperus nevadenais, n sp. 

A twig 3 cm long and 1 nun wide, with closely appressed leaves, appar¬ 
ently in whorls of three, is clearly that of juniper. 

On the basis of foliage alone it is not possible to indicate relationship to 
any one modem species of the genus now in western North America. From 
an ecological standpoint, however, this material seems referable to the 
modem Juniperus cahformca Carrierc of California or to J. utahensis 
Lemmon of the Great Basin area. The montane J. occtdenlalia does not come 
under consideration for it is regularly associated with plants whose fossil 
equivalents have only a rare representation in this flora. Accordingly, the 
Esmeralda material is recognised as distinct from Juntperua ae^notdea 
Ashlce of the I.Atah and Wieser floras because it is believM to represent a 
different species The northern juniper seems comparable to the western 
J. oecidenialia Hooker rather than to the more arid J caltSvrnita and J. 
utahenaia. Juniverua nevadenais is represented also in the Fallon flora 110 
miles north ana will be figured when this flora is completed 

Family Cypbbaceae 
Cyperadtes sp. 

Remains of rushlike or reedlike plants, so lacking in dianiostic char¬ 
acters that relationship to any one modem genus is questionable, are com¬ 
mon in the shales throughout the section and are partieularly abundant in 
the lower part of the formation associated with the coal seams. These 
dense tangled masses suwest a habitat somewhat similar to the present 
sedge- and rush-covered borders of lakes and marshes throughout the arid 
portions of the western United States. 

Family Salicacrab 
Populus alezanderi Dorf 

Populua alexanderi Dorf, Carnegie Inst. Washington Publ. 412:75-77, pi. 0, 
figs. 10, 11 (not fig. 9, which is Populua prefremonltt Dorf); pi. 7, figs. 
2,3 (not fig. 1, which is Populua prefremontii Dorf). 1030. 

* All speoioB except the juniper, which is In the paleobotanieal oolleotlons at the 
University of California, are represented in the ooUeottons at the United States Na¬ 
tional Museum Although 4 new combinations are presented, it has seemed desirable 
not to place in synonymy 3 species that may be shown eventually to belong here: 
Populua neaodmaiamP, Motremuloidea Axelrod, Quareua poUordtanamQ. hannibM 
Dorf, CsKm taeualnamC. kanaana Chaney and EUae This synonymy haa been delayed 
until a more complete and diagnostic Esmeralda collection can be obtained. 
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A well-preserved spocimcn among the undetermined Esmeralda material 
at the United States National Museum represents this species, which is 
closely similar to the living Populua tnrkomrpa Torrey and Gray of the 
Western United States. 

Populus nevadensis (Knowlton) Axelrod, n. comb 

Cerda nevadenaia Knowlton, U. 3. Geol. Surv. Ann. Rept. 21(2): 217, pi. 30, 
fig. 23. 1000. 

The leaf figured as Cercta is clearly that of an aspen, and another basal 
fragment among tho unidentified material of the Esmeralda flora is also 
referred to the Pliocene species. 

Saliz kemenris Axelrod 

Salix kemenaia Axelrod, Carnegie Inst Washington Publ. 415: 90-91, pi. 6, 
fig. 7.1939. 

Salix vacdmfolta Knowlton (in part), U. S. Geol. Surv. Ann. Rept. 21(2): 
212, pi. 30, fig. 20 only (not fig. 8, which remains Sahx vaedmfolta). 
1900. 

Salt! anguala A1 Braun, Knowlton, Idem. 212, pi. 30, fig. 22. 

Salix sp. Knowlton, Idem: 213, pi 30, fig. 13. 

All these specimens are elcarly of the same typo and differ in no manner 
from the Tehachapi species. Two of the Esmeralda species were figured 
incorrectly. Salix vacctmfolta (fig. 20) should have long, thin and looping 
secondaries like those of Salix sp. in figure 13. The margins of the specimen 
^ired as Sahx anguata are entire, not serrate, and the secondaries are 
likewise long, looping, and thin. 

This matenal compares rather closely with the entire-mar(pned forms of 
Sahx bonplandiana Humboldt, Bonpland, and Kunth, of the southwestern 
Umted States and northern Mexico, and particularly with the variety 
toumeyi of southern Arizona. 

Salix vaednifoUa Knowlton 

Sahx vaeetmfoha Knowlton, U S. Geol Surv. Ann. Rept. 21(2): 212, pi 30, 
fig. 8 only (not fig. 20, which is Sahx kernenata Axelrod). 1900. 
Knowlton originally pointed out tho close resemblance between this speci¬ 
men and the sr^lcr leaves produced by the modem Salix exigtia Nuttall 
of the Western United States. 

Family Fagaceab 
Quercus tumeii Knowlton 

Quercus fumert Knowlton, U. S. Geol. Surv. Ann. Rept. 21(2): 214, pi. 30, 
fig. 21. 1900,—Axelrod, Carnegie Inst. Washington Publ. 516:100, pi 
7, figs. 10,11,14.1939. 

Quercus argentum Knowlton, U S. Geol. Surv. Ann. Rept. 21(2): 215, pi. 30, 
fig. 12.1900. 

Cinchonidiumt (umert Knowlton, Idem: 218, pi. 30, figs. 9-11. 

All this material is one botanic species and forms tho dominant of this 
flora. Among modem plants there is a close relationship to Quereue arizoniea 
Sargent of the Southwestern United States. 

Quercus poUardiana (Knowlton) Axelrod, n. comb. 
Chryaobalanua poUardiana Knowlton, U. S. Geol. Surv. Ann. Rept. 21(2): 
216, pi. 30, flg. 19.1900. 
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The Chryaobalanua may bo matched by the large oval leaven of Quereua 
chryaolepta Liebmann (see sheet nos. 1521066, 667634, 319924, 319884 in 
the United States National Herbarium). 

Family Ulhacbab 

Celtia lacuBtiis (Knowlton) Axelrod, n. romb. 

Ficua laeruiria Knowlton, U. S. Geol. Surv. Ann. Kept. 21(2): 216, pi. 30, 
fig. 26 1000. 

Although Rerry'has placed Ftcua laeualrtain the genus Populua (1027, 
p. 0), Chaney and Elias (p. 22) have pointed out its resemblance to hack- 
berry Comparison of the typo material with the leaves of the modem Celtia 
reticulata reveals no differences between them. The specimen is entire- 
margined, not serrate as figured. 

Family Berberioaceae 
Mahonia mar^nata (I^sqiiereux) Arnold 
Mahonta marginata (I^squoreux) Arnold, Contr. Mus. Pal. Univ. Michigan 
5(4)-.64-65 1936. 

Odostemon marginata (Lesquereux) Knowlton, U S Geol Surv. Prof. Paper 
131; 189, pi 43, figs. 7-10 1923. 

Although there appears to be a gradation between this species and M. 
hakacfolta (Lesquereux) Arnold, they may be distinct. The typical leaflets 
of M. hakaefolta are similar to those produced by the modern M. tnfoltata 
Fedde, which regularly has two or three lateral teeth and a slender shape. 
The leaflets of M. margtnata arc more nearly like those of the modem 
M, fremorUtt Torrey in that they arc broader, the sinuses are shallower, and 
the teeth are not so largo and heavy By this defimtion, the leaves figured by 
Arnold as M. hakaefolta would belong more properly to M. margtnata. It is 
honied that further collections from the Cr^e flora, where both of these 
species are represented, will settle this problem. 

Family Lauraceae 

Umbellularla saliclfolla (Lesquereux) Axelrod 
Umbellulana aaltetfoha (Lesquereux) Axelrod, Carnegie Inst. Washington 
Publ 516:102-103, pi. 8, fig. 4.1939. (See synonymy.) 

Saltx? sp. Knowlton, U S Geol Surv Ann. Kept. 21(2): 213-214, pi. 30, 
fig 14.1900 

A relatively large leaf in the writer’s collection, in addition to the small 
willowlike leaf figured by Knowlton, seems properly referable to UmbeUu- 
larta. 

Family Nymphaeacbae 

Nymphaeltes nevadensis (Knowlton) Brown 
Nymphaeitea nevadenata (Knowlton) Brown, Joum. Washington Acad. Sci. 
27:509, pi. 1, fig. 10.1938 (Sec synonymy ) 

The water-lily is not only represented at the type Esmeralda locality, but 
is exceedingly abundant in the Coal Valley flora where it forms a re^lar 
associate of Nelumbo, Equtaetum, Trapa, Typha, and other hygrophilous 
plants. 

Family Rosacbab 
Cercocorpus coaeatus Dorf 

Cercocarpua euneatua Dorf, Carnegie Inst. Washington Publ. 412 : 98-99, 
pi. 12, fig. 3.1930. 
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The upper portion of a leaf impresaion in the undetermined Esmeralda 
material at the United States National Museum is clearly that of the moun¬ 
tain mahogany. 


Pninus nevadensis (Knowlton) Axelrod, n, comb. 

Rhusl nevadensis Knowlton, U. S. Gcol Surv. Ann. Kept. 21(2); 218, pi. 30, 
fig. 15. 1900. 

The leaf figuitKi as Rhus netadensis has been incorrectly illustrated be¬ 
cause the margin is serrate and the lower secondaries loop well into the upper 
part of the blade. An additional unfigurod specimen is clearly of the same 
type, but is about two-thirds as large Both of these specimens are indis¬ 
tinguishable from the loaves produced by the modern Prunus andersonu 
Gray of the Great Basin area 


Family Ericaceae 
Arctostaphylos preglauca Axelrod 

Arctostaphylos preglauca Axelrod, Carnegie Inst Washington Publ. 476(3): 

178, pi. 6, figs 8,9. 1937 

A single leaf among the undesenbed Esmeralda material is clearly that 
of manzanita Although it has been referred to this Mount Eklen species, 
which is related closely to the living Arctostaphylos glauca Lindley^ it shows 
affinity also to such species as A pnnglex Parry of southern Arizona and 
A, glandulosa Eastwood of California. Although further collections may 
show this Esmeralda manzanita to be a new species, it seems clear that it 
has Its relationships among species no longer occurring over the Great Basin 
area 
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PROCEEDINGS OF THE ACADEMY AND 
• AFFILIATED SOCIETIES 

THE ACADEMY 
42d annual UBETINO 

Tho 42d Annual Meeting of the Washington Academy of Sricnces was 
lield m the Assembly Hall of the Cosmos Club, January 18, 1940, with 47 
members present President Charles E Chambliss called the meeting to 
order at 9:45 p m. The minutes Jof the 4lBt Annual Meeting were presented 
and approved as published in the Journal The Corresponding Secretary, 
Nathan R Smith, submitted the following report on the membership and 
activities of the Aciwlemy: 

During 1939, 52 were elected to resident, 9 to nonresident active member¬ 
ship, and 6 to honorary membership Of the 52 for resident membership, 34 
had become members in good standing at the end of the year, 2 had de¬ 
clined membership, 3 had not replied to our letters, and 13 had accept^ 
membership but had not paid tneir dues (most of these were elected in 
December) Of the 9 elected to nonresident membership, 5 qualified, 1 de¬ 
clined, 3 have not replied as yet Of those who accepted membership in 1939, 
14 were elected in recognition of their work in Chemistry; 6 in Botany; 5 
each in Entomology, Bacteriology, and Medicine; 2 each in Physics, Biolo|y, 
Zoology, and Ii'hthyology; and 1 each in Geology, Soil Science, Helmin¬ 
thology, Pharmacology, Genetics, Statistics, Education, Food Research, and 
Ethnmogy There were 4 resignations, 3 in the resident and 1 in the nonresi¬ 
dent membership Five resident and 3 nonresident members were dropped 
for nonpayment of dues. Because of their retirement from professional work, 
4 resident and 5 nonresident members were considered active members 
without the payment of dues. 

There were 9 deaths during the year, 4 resident and 5 nonresident 
members, as follows: 

George H Girty, resident, on January 27, 1939 
Edmund C. Shokey, resident, on January 30, 1939. 

W. D. Bioelow, resident, on March 3, 1939. 

J. G Lipman, nonresident, on April 19, 1939 
Joseph Grinnell, nonresident, on May 29,1939. 

Wendell C. Mansfield, resident, on July 24,1939. 

Harvey W. Cushing, nonresident, on October 7,1939. 

Waldehar Lindgren, nonresident, on November 3, 1939 
E. E. Free, nonresident, on November 24, 1939. 

To summarise, on January 1, 1940, the membership consisted of 17 
honorary members, 3 patrons, and 572 active members, of which 2 are life 
members. Of the active members, 43 (29 resident and 14 nonresident) do not 
pay dues because of retirement. There were, therefore, 529 active members 
who pay dues, 411 resident and 118 nonresident. Since the number of resi- 
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dent members is lifted to 460 and the nonresident to 200, there were 39 
vacancies in the resident and 82 in the nonresident. 

The status of the resident active membership is satisfactory. The large 
number of vacancies is due to the fact that the limitation was raised from 
400 to 460 by vote of the membership in July. As was stated a^vc, 13 duly 
accepted, but there was not time for the collection of dues before January 1. 
In addition, 16 have been recommended for membership by the Committee 
on Membcrslup and may be acted upon at the next meeting of the Board of 
Managers. There arc, therefore, potentially only 11 vacancies in the resident 
membership. 

The status of the nonresident membership is progressively unsatisfactoiy 
owing to the small number elected. 

The Board of Managers had a very busy year, holding 9 meetings with 
an average attendance of 18. In addition to the routine business of the 
Academy, the Board authorised the appointment of the following special 
committees, all of which completed their work and reported to the Board* 

On Editorial Assistant: Chairman, J A Stevenson 

To Consider Publishing Red Book: Chairman, W. A Dayton 

On Ways and Means for Selling Complete Sets of the Journal: Chair¬ 
man, H. E Ewing. 

Memoirs and Awards: Chairman, J. F. Couen. 

To Finish Cataloging the Scientific Societies of Washington and to De¬ 
fine Qualifications of a Society for Affiliation and to State the Ad¬ 
vantages of Affiliation to the Society: Chairman, W T. Schallbr. 

To Review the Bylaws and Make Recommendations: Chairman, F. C. 
Kracek. 

To Consider the Revision of the Bylaws and to Make Definite Recom¬ 
mendations to the Board of Managers. Chairman, W. A. Dayton. 

On Awards: Subcommittee for Biological Sciences: Temporary Chair¬ 
man, £. A. Goldman. 

Subcommittee for Physical Sciences. Temporary Chairman, J F. 
Couch 

Subcommittee for Engineering Sciences: Temporary Chairman, 
H. L. Curtis. 

On Monographs; Temporary Chairman, H. B Collins, Jr. 

On Certificate of Award: Chairman, H B. Humphrey. 

By authorisation of the Board, the President appointed W. W. Diehl 
Custodian and Subscription Manager of Publications for 3 years. 

On motion it was voted to accept the Corresponding Secretary’s report 
and to place it on file. 

The Recording Secretary, Oscar S. Adams, presented the following re¬ 
port: 

The 42d year of the Academy began with the 290th meeting and ended 
tonight with the 296th meeiing. All the six meetings of the year were held 
in the Assembly Hall of the Cosmos Club. 

The 290th meeting was held on Februaiy 16,1939. An illustrated address 
was given by Waldo L. Schmitt, curator. Division of Marine Invertebrates, 
U. 8. National Museum, Smithsonian Institution, on the subject The 
Oalapagot Islande. Attendance about 200. 

The 291st meeting was held on March 16, 1939. An illustrated address 
was given by Enrico Fermi, Columbia Univenuty, New York City, on the 
subject The Mesotron. Attendance about 200. 
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The 202d meeting was held on April 20, 1039. An illustrated address was 
given by Wilton Mabion Krooman, associate professor of anatomy and 
physical anthropology, University of Chicago, on the subject The SkeUion 
Telia Ita Story. Attendance about 170. 

The 203d meeting was held on November 16,1930 The address was given 
by Maj. Gen. Hanson E. Ely, former commandant of the Army War 
College, on the subject Im^ptimiffierUa \n War Weapons aince the World War 
and xn Methoda of Utexr Uae. Attendance 103 

The 294th meeting occurred on December 21,1039. The addnuss was ^ven 
by Carl S. Marvel, professor of organic chemistry, University of Illinois, 
on the subject Plaattc Glaaaltke Resina (Vtnyl Polymers). Samples of many of 
the Polymers were shown and their properties discussed Attendance about 
200 

The 206th meetinfc was held on January 18, 1940. The address was given 
by the retiring President of the Academy, Charles E. Chambliss of the 
Bureau of Plant Industry, U. 8. Department of Agriculture, on the subject 
The Botany and History of Ztaanta aquatica L. Attendance 123. 

This was the final meeting of the 42d year of the Academy. 

On motion it was voted to accept the Recording Secretary's report and to 
place it on file. 

The report of the Treasurer, H. G. Avers, was read by Howard S. 
Rappleye: 


CASH receipts AND DISBURSEMENTS 


receipts: 


From back dues 

% 140 00 

From dues for 1939 

2,450.00 

From dues for 1940 

40.00 

From subsonptions for 1939 

432.30 

From subscriptons for 1940 

236.10 

From sales of Journals 

227.26 

From payments for reprints 

450.94 

From sales of 1937 Directory 

1.15 

From mIcs of 1939 Directory 

108 00 

From interest on deposits. 

95.82 

From interest on investments 

940.60 

Total receipts 

$5,122.17 

Cash Balance January 1, 1939 

To be accounted for 

1,514 94 

disbursements: 

For Secretary's Office, 1938 

1 117.70 

For Secretary’s Office, 1939 

227.20 

For Tre,asurer’s Office. 

188.15 

For Journal printing, 1938 

281 78 

For Journal printing, 1939 

2,417.25 

For Journal reprints, 1938 . . 

70.88 

For Journal reprints, 1939. 

558.18 

For illustrations, 19^. 

39.58 

For illustrations, 1939 ... 

402.61 

For Journal Office, 1938. 

36.88 
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For Journal Office, 1939. . . 


202.42 

For Meetings Committee, 1938 


26.00 

For Meetings Committee, 1939 


238.05 

For Directory 


702.50 

For dues of retired members returned 


10.00 

For refund of overcharge on reprints 
Bank debit memos, as follows: 


3 60 

Duos 

*0.35 


1939 Subscriptions 

.60 


1940 Subscriptions 

.08 

.93 

Deposited in savings account 


95 82 

Total disbursements 


*5,618 62 

Cash balance December 31, 1939 


1,018.40 


Total . *6,637.11 


RECONCILIATION OK BANK BALANCE 

Balance as per cash book, December 31, 1930 *1,018.40 

Bank balance, American ^cunty & Trust Co per 

statement of Decemlier 31, 1930 .... $1,158.48 

Receipts not deposited 76 00 


Checks outstanding, not cashed 


No. 170 

* 21 50 

No 671 

9 12 

No 576 

6 00 

No. 576 

179 37 

Total 



*1,234 48 


215 99 


Balance *1,018.49 

Check No 170 listed as outstanding was issued in May 1934 
but has not been cashed 

INVESTMENTS 

409 shares stock of Washington Sanitary Improvement Co , 

par value *10 per share, cost * 4,090.00 

20 shares stock Potomac Electric Power Co , 6% Prof.; cost 2,247.50 

1 bund of Interborougli Rapid 'J'ransit Co , no 37020, interest 
at 5%; due Jan. 1966; par value *1,000, cost 995.00 

*1 bond of Cbcago Railways Co., no. 1027; interest at 5%, 
due 1927; par value *1,000 less *250; cost 713 87 

1 real-estate note of T. Q. Donaldson (no 6 of 12) dated June 

26, 1937, for 3 years; interest at 5%; cost 1,000.00 

2 real-estate notes of Yetta Korman et al., dated Oct. 5,1938, 
for 3 years (no. 7 of 37 for *500, and no. 8 of 37 for *500), 

interest at 5%; cost 1,000.00 

* The bond of the Chicago Railways Co. was not paid upon maturity due to the 
expiration of franchise and failure of the Legislature to enact continuing legislation: 
Interest has been paid to date under authority of the courts, and *260 has been paid 
on the principal sinee maturity 



178 JOITRNAL OF THE WASHINGTON ACADBUT OF SCIENCES VOL. 30| NO, 4 


3 real-estate notes of Ell & Kay Bldg. & Investment Cb., dated 
Oct. 15, 1938, for 3 years (no. 75 of 165 for $2,000, no. 83 of 
165 for $1,000, and no 101 of 165 for $1,000); interest at 
5%; coat 

Butler notes—Property at 1707 L St., N W , bouglit in by note 
holders—Academy's share 4/250ths; interest amounting to 
$40 received in 1939; cost. 


DepoHit(‘d in savings account, American Secunty & Trust Co 


Total 

Cash-book balance December 31,1939 
Total assets 


Secretary’s Office 
Treasurer’s Office 
Journal 

Mc'ctings C^onimittee 
Membershij) Committee 
Executive Committee 
Directory 

Bills outstanding, not paid, at end of year (estimated)’ 

(1) Secretary’s Office $ 30 00 

(2) J ournal 280.00 

(3) Meetings CoininilU*e 110 00 


4,000.00 


2,000.00 

$16,046.37 

8,409.94 

$24,456.31 
1,018 49 



$25,474 80 

ALLOTMENTS 

A Hotted Receipts 

Expended 

450.00 

$ 227.20(1) 

225 00 

188.15 

500 OO+$1,444 2O = S3,044 2O 

3,580.46(2) 
238 05 (3) 

350 00 

10 00 - 

10 00 

— 

700 Oa+S108 00:=S808 0U 

702 50 


The Auditing Committee. H G Dorsev, Pauii Whitney, and Elmer 
Hiouinh, reported 

Your committee appointed to audit the areounts of the Treasun^r of the 
Washington Academy of Sciences for the year 1939 submits the following 
report: 

The Treasurer’s records of receipts and exiionditnros as shown in his ac¬ 
count books and included m his report have been examnied and found cor¬ 
rect. All vouchers have lieen examined and found to bo correct and properly 
approved. 

The balance sheets submitted by the bank and the securities listed in the 
Treasurer’s report have been examined The statement of the assets of the 
Academy was found correct. 

No coupons not yet due wore missing from any of the securities beating 
coupons. 

The records of the Treasurer's office have been carefully and systemati¬ 
cally kept, thus greatly facilitating the work of the auditing committee. 

The Hunting committee congratulates the Treasurer on the manner in 
which he has carefully conduct^ his office during his long faithful tenure. 

It was moved to accept the reports of the Treasurer and the Auditing 
Committee and to place them on file. By vote it was so ordered. 

The Board of Editors, F. D. Rossini, C. L. Gazin, and J. H. Kempton, 
submitted the following report: 
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I. NATURE AND AMOUNT OF THE MATERIAL PUBLISHED 

Volume 29 consists of 560 pages, as comparcn] with 556, 548, 554, 588, 
676, 688, 572, and 552 pages, respectively, for the years from 1938 back to 
1931. 

The space in volume 29 was distnbuted as follows: 




Number 

Number 

Class 

Subject 

of papers 

of page,s 

Biology 

Anthropology 

1 

fi 60 


Biology 

1 

14 00 


Botany 

8 

40 22 


Entomology 

7 

77 65 


Evolution 

1 

20.00 


Ichthyology 

2 

25 83 


Malacology 

2 

4 15 


Mammalogy 

2 

3 55 


Medical Entomology 

1 

5 90 


Ornithology 

3 

7 85 


Plant Physiology 

1 

15 00 


Zoology 

6 

57 21 

Geology 

Geology 

2 

18 50 


Paleobotany 

4 

18 90 


Paleontology 

7 

60 25 

Chemistry 

Chemistry 

2 

14 15 

Geocluunistry 

1 

5 25 


Physical (’’hemistry 

1 

25 30 

Physics 

Riophysics 

1 

6 85 

Geophysics 

1 

30.00 


Physics 

2 

29.15 

Obituary 


7 

5 00 

Scientific News and Notes 


1 

0.70 

Index 

Authors 

Subjects 


4.00 

4 00 

Proceedings 

Academy 

Botanical Society 
Chemical Society 
Geological Society 
Philosoplueal Society 


10 40 

5 75 
13.00 

5 65 
14 25 


Divided as above, the vanous classes of material or(‘upied the following 
percentages of the total space in the Journal* 


Class 

No of papers 

Percentage 

Biology 

35 

51.0 

Geology 

13 

17.6 

Chemistry 

4 

8.1 

Physics 

4 

11.9 

Obituary 


0 9 

Scientific News and Notes 


0 2 

Proceedings 


8 8 

Index 


1.5 


Of the 56 original scientific papers, 36 were written by members of the 
Academy and 20 were communicated 
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11. AMOUNT AND DISTRIBUTION OF INCOME AND EXPENDITURES 

Income 


From the Academy $2,500.00 

From subscriptions 740.10 

From sales of back numbers 210.42 

Total $3,456.52 


Expenditures 

Charged to Charged to 
Cost authors or the 

sponsors Academy 

$2,618 50 $ 8.72 $2,600 87 

400.00 143 01 266.80 

568 07 306 22 261.85 

43.14 43.14 

180.00 - 180.00 

Total $3,810 70 $457 05 $3,361 75 

Unexpended balance $ 04.77 

The amount actually expended by the Academy in maintaining the 
Journal fur the year 1030, which is the amount allotted to the Jodynal by the 
Academy less the unexpended balance returned to the Academy by the 
Journal, was $2,405.23 

The report of the Board of Editors was accepted and ordered placed on 
file 

The following report was submitted by the Custodian and Subscription 
Manager of Publications, W W. Diehl: 

On December 1 a report was made to the Board of Managers recording the 
result of an inventory of stocks made on November 13 This inventory 
showed the surprising fact that there was then but one complete set of the 
Journal available for sale in respect to volumes 1, 2, and 3; and in the case 
of the next 12 volumes in no instance over nine sets to the volume. Personal 
inquiry at the Waverly Press, Baltimore, where they are stored, revealed 
that this very small number of old volumes was due to the elimination in 
1037 of most of the old stocks save a very small number of which some have 
since been sold. Because of this limited number of the older volumes of the 
Journal some changes in policy seemed needful. The Board on December 1, 
therefore, ordered the reservation from sale except as parts of complete sets 
of all numbers in volumes 1-15 It is hoped that additional numbers of the 
limited 15 volumes may be donated to the Academy in order to make more 
complete sets available for sale in compliance with this Board action. 

The Custodian and Subscription Manager has planned a course of action 
in soliciting new subscriptions, but no action has yet been taken because it 
is dependent upon the allotment of funds in the 1940 budget. 

By vote the report of the Custodian and Subscription Manager of Publica¬ 
tions was accepted and ordered placed on file. 

The following report on awards and memoirs was submitted by President 
Chambliss. 


, Printer’s office: 

Printing, binding, mailing, etc 
Engravings 
Reprints 
Editor's office: 

Postage and miscellaneous 
Clerical assistance 
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Article VII—Recognition of Merit in Scientific Work 

Section 1. The Academy may award medals and prises or otherwise ex¬ 
press its recognition and commendation of scientific work of high merit 
and distinction. 

Action 2. Awards shall be made only on approval by the Board of 
Managers of a recommendation of a committee on awards. 

The outgoing Board of Managers made this article operative on October 
20, 1939, by the adoption of the Report of Committee on Awards and 
Memoirs, appointed March 6, 1939. 

By this action the Board of Managers established awards for noteworthy 
discovery, accomplishments or publications in the biological, engineering, 
and ph 3 ^ica] sciences, respectively 

The award will take the form of a suitably inscribed certificate. It will bo 
limited to persons 40 or less years of age, who arc members of the Academy, 
resident or nonresident, or to members of societies affiliated with the 
Academy resident in the Washington area. 

The Board of Managers on January 12,1940, approved the recommenda¬ 
tions of the Subcommittees on Awards as follows* 

Subcommittee on Awards representing the biological sciences recom¬ 
mended that a certificate of award be granted Herbert Friedmann, 
curator of birds, U. S. National Museum, for noteworthy research and 
publication in ornithology 

Subcommittee on Awards representing the engineering sciences recom¬ 
mended that a certificate of award be eonfem»d on Paul A. Smith, hydro- 
graphic and geodetic engineer, U S Coast and Geodetic Survey, for his 
contributions to our knowledge of the ocean bottom along the eastern coast 
of the United States 

Subcommittee on Awards representing the physical sciences recommended 
that a certificate of award be given to Wilmot H. Bradley, senior geologist, 
U. S. Geological Survey, for his contnbutions to our knowledge of the oil 
shale of the Green River formation of Wyoming and of the Tertiary history 
of the adjoining Uinta Mountains (Utah) 

These certificates will be appropriately presented at an early date. 

The action of the Board of Managers regarding awards was approved by 
the Academy. 

The tellers, Charlotte Elliott, Anna Jenkins, and Dorothy Nicker¬ 
son, reported the election of the following officers: President, E. C. Crit- 
tendon; Nonresident Vice-presidents, P. G. Agnbw and Gifford Pinchot; 
Corresponding Secretary, F. D. Rossini: Recording Secretary, F C. 
Kracek, Treasurer, H. S. Rappleyk; Board of Managers, J. F. Couch and 
J. E. Graf. 

All submitted amendments to the bylaws were approved. 

In accordance with the report of the Tellers, the officers as submitted were 
declared duly elected by the President. 

The Corresponding Secretary read the list of nominations for Vice- 
presidents submitted by the afiUiated societies as follows: 

Philosophical, R. E. Gibson 
Anthropological, Frank M. Setzler 
Biological, W. B. Bell 
Chemical, A. T. McPherson 
Entomolc^cal, A. H. Clark 
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National Geographic, A Wetmore 

Geological, J. B. Mertie, Jr. (to be elected in March) 

Medical, Wed O. Cob 
Historical, Allen C. Clark 
Botanical, Charles Thom 
Archaeological, Alr£ Hrdlioka 
Foresters, W. A. Dayton 
Washington Engineers, P. E. Whitney 
Electrical Engineers, H L. Curtis 
Mechanical Engineers, Walter Ramberg 
Helminthological, E W Price 
Bacteriological, R. H. Spencer 
Military Engineeers, (’. L Garner 
Radio Engineers, H. G. Dorsey 

By vote of the Academy, the Recording Secretary was instructed to cast 
one ballot for the list as read. This was done and the Vice-presidents were 
declared duly elected. 

As business from the floor, L. B. Tuckerhan presented a petition to the 
Board of Managers for the revocation of the action doing away with the 
nonresident Vice-presidents of the Academy. This petition was signed by 
six members of the Academy and hence must be acted on by the Board of 
Managers at a future meeting. 

President Chambliss appointed Past Presidents O. E Meinzer and W. J. 
Humphreys to escort President-elect Crittenden to the chair. After a short 
address President Crittenden declared the meeting adjourned at 10:30 
p.m. 

NEW members elected 

The following have been elected to resident membership in the Academy: 

Ida a. Bengtson, senior bactcriologiat, National Institute of Health, in 
recognition of her contributions to bacteriology, especially work on anaerobic 
bactena and rickettsia. 

Miriam Luctle Bomhard, associate forest ecologist, U. S Forest Service, 
in rccogmtion of her contributions to botanical knowledge, especially in the 
morphology and taxonomy of seeds of eastern plants, and to the ecology and 
taxonomy of palms, particularly the genera Sabiil, Bulta, and Ceroxylon. 

Selwyn DeWitt Collins, principal statbtician. National Institute of 
Health, in recognition of his contributions to statistical anal3rBi8 pertaining 
to public-health problems. 

Harold Raymond Curran, associate bacteriologist, U. S. Bureau of 
Dairy Industry, in recognition of his contributions to the science of milk 
bacteriology. 

Lloyd Derr Felton, senior surgeon, U. S. Public Health Service, in 
recognition of his studies on pneumococcus and pneumonia 

William N. Fenton, associate aiithropolo^. Bureau of American 
Ethnology, Smithsonian Institution, in recognition of his contributions on 
the ethnology of the Iroquois Indians 

Edward Harrison Graham, biologist, U. S. Soil Conservation Service, 
in recognition of his contributions to botanical science, including flora of the 
Kartate region, British Guiana, and botanical studies in the Uinta Barin of 
Utah and Colorado 

Samuel Frederick Hildebrand, senior ichthyologist, U. S. Bureau of 
fisheries, in recognition of his demonstration of the utility of fishes in 
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mosquito control, his work on the life histories of marine fishes of the 
Atlantic coast, and his contributions to the ichthyology of Central America. 

Robert Sullivan Hollingbhkad, acting chief^ Food Research Division, 
U. S. Bureau of Agricultural Chemistry and Enpnecnng, in recognition of 
his studies on the use of the data of food analysis in the improvement of the 
technology of food handling and in the improvement of public health. 

Floyd Ervin Kurtz, associate chemist, U. 8. Bureau of Dairy Industry, 
in recognition of his contributions to the s<‘ionce of milk chemistry. 

Morris Abel Raines, professor of botany, Howard University, in recog¬ 
nition of his researches in plant phjrsiology 

Sylvester T, Schicktanz, senior chemist, U. S. Bureau of Internal 
Revenue, in recognition of his work on distillation and of methods for the 
separation of azeotr^ic mixtures. 

Leonard Peter Schultz, curator. Division of Fishes, U. S National 
Museum, in recognition of his contributions to ichthyology, especially his 
studies of the fishes of the north Pacific. 

Clarence R Shoemaker, assistant curator, Division of Marino Inverte¬ 
brates, U. S. National Museum, in recognition of his special knowledge of 
Crustacea, especially the Amphipoda 

Edgar, Reynolds Smith, senior chemist. National Bureau of Standards, 
in recognition of his contributions m the field of physical chemistry, es¬ 
pecially for his work on ‘^heavy water” and ebulliomctry. 

Frank E. A. Thone, staff member, Science Service, in recognition of his 
contnbutions to plant ecology and his popularization of science. 

Ralph P. Tittbler, associate bacteriologist, U. S. Bureau of Dairy In¬ 
dustry, in recognition of his contnbutions to the science of bactenology, 
especieJly in connection with E%chench%a colt and Eechcnchior-aerobacter, 

Byron H. Webb, dairy manufacturing sixjcialist, U S. Bureau of Dairy 
Industry, in reeogmtion of his contributions to the chemistry of dairy 
products. 

Freeman Albert Weiss, senior pathologist, U S. Bureau of Plant In¬ 
dustry, in recognition of his work in plant pathology, especially on diseases 
of ornamentals, soil fungicides, and toxicity relations of fungi. 

The following have been elected to nonresident membership in the 
Academy: 

Ernest Brown Babcock, professor of genetics, University of California, 
Berkeley, Calif., in recognition of his contnbutions to knowledge of genetics 
and plant breeding, the nature and mechanism of germinal substance, 
taxonomy, and plant evolution. 

Charles Marius Barbeau, anthropolopst and folk-lorist of Canada, 
Canadian National Museum, Ottawa, Ontario, Canada, in recognition of his 
many fundamental researches in ethnology, folk-lore, and folk-music. 

Oscar S Adams, Recording Secretary 



(^Utnarp 

Geoboe Charlton Matron died in Tulsa, Okla., on January 3, 1940. 
Ho was bom at Strang, Nebr., on February 4, 1873. He attended Doane 
Colley, where he obtained a B.8. degree in 1900, subsequently studied at 
the University of, Nebraska and Cornell Umversitv, and in 1920 was 
awarded the degree of Doctory of Philosophy by the University of Chicago. 
Ho was an assistant in geology at Cornell University, 1901-03, instructor in 
geology at the University of Illinois, 1903-04, and fellow in geology at the 
University of Chic^o, 1904-06. During the 10-year period 1906-16, he was 
an assistant geologist and a geolo^st with the United States Geological Sur¬ 
vey. His scientific publications include reports on the ground-water re¬ 
sources, clay, and phosphate deposits of Florida, the late Tertiary and Qua¬ 
ternary formations of Mississippi, the oil and gas resources of Louisiana and 
the Coastal Plain of Texas, and other geologic subjects In 1916 he left the 
Geological Survey and joined the geological staff of the Mexican Gulf Oil 
Co Subsequently he was connected with the Gulf Refining Co of Louisiana, 
the Gypsy Oil Co., and the South American Gulf Oil Co From 1921 until 
his death he was a consulting oil geologist and from 1922 until 1929 he was 
also vice-president of the Schennerhom Oil Co. 

Dr. Matson was quiet and reserved in demeanor, an independent thinker, 
industrious and thorough in his investigations, and successful in his business 
undertakings His published writings are authoritative, and some of them 
were prophetic of important developments in oil and gas production in the 
Gulf region. He hold membership in numerous scientific and technical 
societies, including the Geological Society of America, the American Asso¬ 
ciation of Petroleum Gcolo^sts, the Geological Socie^ of Washington, the 
Washington Academy of Sciences, and the American Society of Mining and 
Metallurgical Engineers In 1921 he served as president of the American 
Association of Petroleum Geologists 
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BOTANY — The botany and history of Zizania aquaiica L {‘‘wild 
rice")^ Chari Bs E Chambliss, U S Bureau of Plant In¬ 
dustry 

Pot this evening I have assembled some of my field notes on 
Ztzatita aquatica, together with some historical data on the xpecies, 
which I trust will meet the requirements of this occasion And this is 
my story 

Life was e isy for Wcnibozho ® TIis indulgent grandmother, with 
whom he lived, demanded no work of him, and in consequence he 
passed through his eaily boyhood days without exhibiting any par¬ 
ticular interest m those things that must be learned and thoroughly 
understood by people who depend largely upon self for the neces- 
bnries of life 

At lasi, the grandmother awoke to the fact that her grandson 
lacked the initiative so essential to meet the requirements of their 
race, and convinced that her solicitous care was responsible, the aging 
woman uiged the iiidifTerent youth to piepaie himself with a training 
that would fit him to endure such hardships as hunger, thirst, and 
cold She told him that experiences of this kind would make him re¬ 
sourceful and teach him how to care for himself and those who might 
be dependent upon him Probably somewhat irked by these plain 
words, Wenibozho later said goodbye to his grandmother, who for 
many > ears had provided him with food and shelter 

Equipped with only a bow and some arrows, he started on a long 
journey through the forests For meat, he had to depend upon the 
flesh of small animalb Not because there wats a bcarcity of animals, 
for they abounded in the w oods, but because of his unskilled use of 
the bow, hib kills were few Therefore, he had to subsist on seeds, 
roots, and tubers Without knowing the plants that could furnish 
nounshmg food, he naturally made mistakes 

One day when thoroughly exhausted from want of food he heard a 
voice saymg, “Sometimes they eat us ’’ He heard this voice several 

' Addreas of the retinng president of the Weshington Ao&deniy of Soieneee, de¬ 
livered on January 18, 1940 Received February 12, 1940 
* UiXMOU, Mdltin R Pratnf $moke, pp 195-198 1929 

185 



186 JOURNAL OF THE WABHINOTON ACADEUT OF BCIHNCSS VOL. 30, NO. 5 


times and finally asked, “To whom are you talking?” A small bush 
replied that it had spoken. As no part of the bush above the ground 
seemed edible, Wenibozho thought that the roots might be good to 
eat. He uncovered the roots, tasted them, and liked the flavor of them 
very much. Being hungry, he ate many of them and suffered from 
overeating. For several days he was unable to travel, and when he 
attempted to do so he found himself as hungry as before and quite 
weak. As he passed along seeking food, many plants spoke to him. 
Wenibozho gave no heed to their entreaties until he was attracted by 
the beauty of a graceful grass growing in a small lake basking in the 
sunshine of the open woodland. Some of these plants beckoned to him 
and said, “Sometimes they eat us.” He was quite hungry now, and 
observing that the upper part of the plants was loaded with long 
seeds, he soon gathered some of them. Removing the hulls, he ate the 
kernels and found the taste of them so pleasing and their effect upon 
his hunger so gratifying that he exclaimed, “Oh, you are indeed 
good! What are you called?” The plants replied, “We are called 
manomin.” 

These adventures and discoveries of Wenibozho have served as a 
foundation for many legends that have been handed down through 
generations of Chippewa, Mcnomini, and related Indians. In their 
childhood, this story excited their imagination, and as they grew 
older they came to have veneration for this fruitful grass that provides 
such palatable and nourishing food. 

Manomin,* an Algonquian word meaning “good berry,” is sugges¬ 
tive and descriptive. By most of the tribes of this linguistic stock, 
this grass and its fruit are called manomin, and by the same name the 
plant became known to the early white settlers of the upper Mis¬ 
sissippi Valley. Many common names for it came into use when the 
French and English population increased in this region. By the French 
it was foUe avoine, a name most frequently found in the earlier ac¬ 
counts of that part of North America around the Great Lakes. The 
English names for the plant are quite numerous. Such names as wild 
rice, Indian rice, squaw rice, Canadian rice, black rice, Indian oats, 
blackbird oats, wild oats, and water oats are found in the literature. 
This plant, however, is not a species of rice or of an oat, though the 
vernacular names so designate it. Some of these names are only 
locfdly used. For example, this plant is known only by the name of 
water oats to the older inhabitants living along the tidal streams in 
the south Atlantic States. 

' JiNXB, Albert Ebnbbt, The mid nee aatherere of the Upper Lakee. Ann. Kept 
Bur Amer. Ethnology, 1807-08, 19:1024. 1000. 
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Among the adventurers who flocked to North America shortly 
after Columbus missed his way to India and discovered a new world, 
there was a sprinkling of naturalists who came to gather seeds and 
bulbs of plants that might be useful in the gardens, fields, and forests 
of Europe. Probably the most noted among them was Peter Kalm. 
Shortly after his return to Sweden he published in 1751 a small octavo 
pamphlet of 48 pages,^ containing “a comprehensive summary of his 
observations on the habitat, use, and care of American plants which 
he considered of sufficient economic importance to warrant experi¬ 
mental introduction into Sweden.” In the text Kalm says: “I have 
chosen this means to give an index and short account of some of the 
useful plants [a total of 126 species] the seeds of which 1 brought 
home with me from North America where 1 made a journey at the 
command of the Royal Academy of Science.” 

In reference to wild rice, which is included in this collection, he 
records: “In North America where the plant grows wild, it is used as 
food by all the savage nations, who yearly collect quantities. Wild 
ducks are particularly delicious when the rice ia ripe, for at that time 
they live on it almost entirely. If we could succeed in getting this 
rice to grow and ripen here we would have gained a great deal, for 
the wettest places would become as productive as fields if the plant 
would stand our winters. Cattle are more than greedy for the leaves 
and stalks. The greatest difficulty wiU be to find a method of sowing 
seeds so they will germinate. We still know very little about nature’s 
method of sowing the seeds of plants growing in water.” 

This attempt to introduce this wild plant into Europe was likely a 
failure, for Lambert, in a paper presented before the Linnaean Society 
of London in 1804, states that “the seed of [this species] Zizanta 
aquatiea in a vegetating state from America was long a desideratum 
among the botanists of this country; for although seeds were received 
here at different times, yet none of them grew. At last. Dr. Nooth 
by the desire of Sir Joseph Banks sent them from the lakes of Canada 
put up in jars of water. As soon as they arrived they were sown in a 
proper situation, where they came up in a few days and the plants 
ripened their seeds extremely well in the autumn.” This importation 
of seed was made in 1791. 

Resident collectors, among whom may be mentioned Bartram and 
Clayton, also aided in this work and in addition supplied the botan- 

^ Laimbn, Esthbr Louisr PeUr /Colm’t •kori account of the natural wmiionf ua«, 
and cate of como •planU^ of which the Mode were recently brought home from North Amorxea 
for the eemee of ihoee who take pleaeure tn expertmenttng with the eulHoation of the came 
»n our climate, Agr Hisl. 13: 34, 43-44 1939. 
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V. 


Pig 1.—Typical mature plants of the broadleaf Ztganut aquattoa 
growing in a Potomac River marsh. 

iMs of the continent with material that greatly enriched the herbaria 
of many botanical centers of the Old World. In this way a specimen 
of manomin, called wild rice by the white man, got to Europe, where 
in 1753 it was described and named Zizania aguatica by the Swedish 
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Fig. 2 —The broadleaf Ztsanut a^uattca in flower in narrow marsh on east s^de of Theodore Roosevelt Island (.Analostan Island), 

facing the Titanic Memorial. District of Columbia. August 20. lB3d 
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botanist Linnaeua. Until then the “good berry” plant was unknown 
to botanists, although for centuries it had fed many tribes of wild 
men and for nearly 200 years had supplied the food wants of many 
European adventurers. 

This grass, indigenous to North America, is found from Lake Win¬ 
nipeg to the Gulf of Mexico and eastward from the Rocky 
Mountains to the Atlantic coast. Throughout these latitudes, and in 
this area where conditions are favorable, it is conspicuous among the 
aquatic plants growing in shallow lakes and in slow-moving streams. 
In the extreme northern and eastern limits of this region it often 
covers several hundred acres. Within its natural range the species 
often occupies the small bays of the large lakes, covers the mud flats 
on tidal rivers of the Atlantic Coastal Plain, fills the lakelike ex¬ 
pansions of rivers near their source, and grows luxuriantly in the quiet 
bends of sluggish streams. It is seldom found in the inland lakes with 
no outlets. It grows well on a variety of soils under fresh-water 
streams and lakes. Its best growth, however, is made wherever the 
plants can anchor themselves in a thick layer of mud, regardless of 
the kind of soil. 

Zizania aquatica is an aquatic, annual, self-sowing grass having tall, 
erect, cylindrical, and hollow stems, which bear the inflorescence and 4 
to 6 long leaves with flat blades, conspicuously marked by a very 
thick midrib (Fig. 1). The slender steins have a comparatively thin 
wall, and when seen by transmitted light, thin, transverse partitions 
are revealed, dividing the internodal space into compartments, 
which give the steins a light banded appearance. 

The steins vary in height from 5 to 10 feet and in diameter from 
one-fourth to five-eighths of an inch. The taller plants are character¬ 
istic of the tidal flats and the shorter plants of the northern lakes and 
streams. Plants with stalks as thick as 2 inches near the crown are 
not unusual in southern marshes. In thin stands and among isolated 
plants a single plant may have many steins, some arising from the 
base of the mother stem, though frequently as branches from the first 
and second nodes. 

The principal roots are slender, fibrous, and numerous and do not 
penetrate deeply into the soil. 

The first leaves to appear are long and narrow. In the later and per¬ 
manent leaves the basal part known as the sheath is thick and spongy 
in structure and completely wraps the stem, thereby adding much 
^ its rigidity. The sheaths vary in length from 9 to 25 inches. 

The blade is the free end of the leaf. In the terminal leaves it may 
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Fig 3—PHnicles of Zttanta aqualtta, Jjeft’ Of the broadleaf form Ita natural 
length 18 26 inches. Right, Of the narrowleaf form Its natural length is 161 inehea. 


be 2 to 4 feet long and from less than an inch to 1 inch or more wide. 

The inflorescence (Fig. 3) is borne on the last node of the stem. 
It consists of two parts—an upper, with slender straight branches 
bearing the female or seed-producing flowers, and a lower, with 
drooping branches bearing the male flowers. 

The female flower is very simple in structure, consisting of lemma 
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and palea that enclose a much-branched stigma and a comparatively 
small ovary. The lemma bears a long awn or beard. In the male flower, 
there are also a lemma and palea, which are much shorter than in the 
female flower. They enclose six bright yellow stamens. 

The seed is long and slender and almost cylindrical (Fig. 4, A, D). 
A thin brown hull made up of the lemma and palea encloses the kernel 
and bears a long, stiff, straight awn that is covered with numerous 
barbs or bristly hairs. The surface of the hull itself is covered with 
similar hairs. 

The kernel of the southern plants averages 20 mm in length and 
1.4 mm in width (Fig. 4, E). In the northern plants the kernel has an 
average length of 12 mm and a width of 2 mm (Fig. 4, B). There is 
a shallow groove on the ventral surface of the kernel in which a long 
embryo is concealed. When fully matured the kernel is purplish black 
in color. 

Zizania aquatica has two rather distinct forms, and within each 
there are many vanants. The form having broad leaves and long 
needlelike kernels grows along the tidal rivers emptying into the 
Atlantic Ocean and is also found locally in the interior as far north os 
southern Minnesota and Wisconsin. The form with narrow leaves and 
short thick kernels grows in the upper Miasis.sippi Valley and east¬ 
ward along the Canadian border. 

In ascending a tidal stream such as the Potomac River, which is 
salty or brackish almast to the head of tidal water, the halophytic 
vegetation begins to disappear with the appearance of Scirpua 
aniencaniiJi, a fresh-water rush quite resistant to brackish conditions. 
As the conditions become less saline, fresh-water plants begin to oc¬ 
cupy the marshes, and principal among them is Zizania aquatica. 
If the Zizania marsh slopes gradually into a slow-running stream, 
several distinct zones of plants w'ill be present. The deeper water will 
be inhabited by several species of Potamogeton, Valhaneriaapiralia, 
and such free-swimming plants as Lemna and other duckweeds. 
In water less than 5 feet in depth, the yellow pond lily may occur. 

The next zone is usually narrow and is populated with the pickerel 
weed Pontederia cordaia, which grows in approximately 2 feet of 
water. Having a very large root system it is capable of holding its 
place in a moderate current and serves as a protection to the adjoin¬ 
ing zone containing Zizania aquatica, the plants of which are not 
strongly anchored in the soil. Although such a marsh is inundated, 
the depth of water covering it varies with the condition of the tides. 
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The Zizania xone is broad and usually parallels the stream for 
some distance (Fig. 2). The luxuriant growth of Ztzarna aquatica 
shades out most of its competitors, leaving it in possession of the 
land except where the stand is thin on the margin of the stream. 
Here straggling plants of Polygonum aoffUtalum and species of Sagti- 
tana and Bidena are sometimes present. On the land side of this zone 
the dominant species,is Typha latifolia, which under conditions of 
less water and greater silt deposit may displace Zizania aqtiaiica. 
The Typha area itself is soon invaded by Peltandra virgintca, Iria 
versicolor, and several species of Htbiacua and Polygonum. As the 
marsh becomes more elevated and drier, shrubs and finally trees be¬ 
come dominant. 

In the lakes of Minnesota and Wisconsin, just beyond the zone con¬ 
taining such submerged plants as the Potamogelon species and Vai- 
lianena apiralia, the bottom is often thickly covered with plants 
having lime-encrusted leaves and stems called stoneworts. The 
Zizania area is usually bordered on the outside margin by several 
sp>ecies of Scirpua, never by Pontederia cordata as along the Potomac 
River, and on the land side by Carex, though Typha is often present. 

During early April in the vicinity of Washington, D. C., the seed¬ 
lings of Zizania aquaiica have already emerged from the muck- 
covered flats and are strong enough to stand erect when the tide is 
out, like seedlings in any grainfield. Within a w'eek or 10 days after 
emergence the young plants have three leaves. Growth is slow at 
first largely because of the low temperature of soil and water and in¬ 
termittent sunshine. During these days they are strengthening their 
grip upon Mother Earth, for good anchorage in the soil at this time 
reduces the hazard of being washed away by tides, especially the ebb 
fiow. The protection of the marginal plants that they have in later 
life is lacking now. The plants become more robust as spring ad¬ 
vances, and by June, where the stand is good, the growth gives 
the marsh the appearance of a low meadow. In another month the 
stems that have b^n concealed by the enveloping leaf sheaths during 
this vegetative growth begin to give some evidence of their existence. 

The part of the stem embraced by the sheath of the last leaf is 
growing rapidly now and being confined within a narrow space dis¬ 
tends the sheath into a spindlelike appearance. Ten days after the 
inception of this condition is perceptible, the panicle, which is the 
terminal of the stem, begins to emerge. The panicle emerges slowly, 
often requiring seven days to free itself from this cover. It carries on 
its distal end the female flowers that bloom almost inunediately upon 
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emergence. They, at once, are receptive to wind-borne pollen from 
nearby or distant plants, for the male flowers of the same plant are 
still within the leaf sheath. 

The male flowers on the lower part of the panicle hang like elon¬ 
gated purple bells, which open a few days later, revealing six yellow 
bodies like so many clappers, which are filled with pollen that is soon 
discharged into the air to be carried by the wind to other plants. 
This pollen takes no part in the fertilization of the female flowers of 
the same flower cluster. The male flowers on long drooping branches 
arranged in whorls add beauty and symmetry to this tall, slender, 
stately plant attractively dressed with long, broad, hanging leaves. 

The slender, flexible panicle, when fully protruded, may be 30 to 
50 inches above the terminal leaf. On its topmost branches the seeds 
are developing very irregularly. As they approach maturity, which 
normally occurs within 15 days after fertilization, the seeds drop very 
readily, passing quickly through the water to the mud bottom be¬ 
low. They do not float and are soon anchored in a soft bed by the 
many bristlclike hairs on their outer surface. These structures, by 
their number and arrangement, serve to fasten the seeds more se¬ 
curely in the mud. Here they lie until the following spring, when the 
majority of them germinate. 

Zizania seed can not be kept in dry storage like other seed. To 
retain its viability it must be kept in a wet state and at a tempera¬ 
ture that will prevent fermentation and control germination. There 
is no harvesting of this seed in Eastern United States for human use. 
Many birds, however, feast upon it and in so doing assist in the 
natural sowing of enough seed to provide for next season’s crop. The 
dense brown mat of fallen plants and crumpled foliage, which soon 
covers the marsh, will again look green in spring when the young 
plants, sprouting from this self-sown seed, push their way through 
and above this organic debris. 

The birds that feed upon this maturing grain are the bobolinks and 
red-winged blackbirds. Tjate in August and early in September these 
birds may be seen in large flocks settling on the plants of Zizania 
aguatiea at meal time, which continues throughout the day. The 
wading birds, such as the sora, feed upon the fallen seeds that lie in 
shallow water, or exposed on the groimd, when the tide is out. Many 
species of diving ducks feed upon the seed that has settled in the mud. 

The center of the largest area of this uncultivated grain is in the 
region of the adjacent sections of Minnesota, Wisconsin, Manitoba, 
and Ontario, which is crowded with alluvial bottom lakes, serving as 
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sources of many rivers that for great distances meander through a 
flat country and give the landscape the appearance of one immense 
marsh. The Fox River, on which the earlier explorers traveled from 
the Great Lakes region to the Mississippi Itiver, may be taken as 
typical of such streams, filled for the greater part of its length with 
Zizania. The Indians' tell us that this river was made by a mon¬ 
strous serpent that s^cnt the night in the marshes between Lake 
Winnebago and the Wisconsin River. Having obtained during the day 
enough food to satisfy its hunger, this creature at dusk crawled in 
among the vegetation covering this low land to sleep off the lethargy 
that accompanies a full meal. While it slept, the dew accumulated 
upon its body. At sunrise it awoke and shook the moi.sture from its 
back and in it wriggled toward the larger lake, leaving behind a chain 
of small lakes that now are expansions of the river that became the 
waterway to the great Northwest. In hLs account of ascending this 
river in 1673, Marquette says, “The way is so cut up by marshes and 
little lakes (Fig. 5) that it is easy to go astray, especially as therivei 
is so covered with wild oats [Zizania aqualica] that you can hardly 
discover the channel. Hence, we had good need of our two guides.” 

In many places throughout this region such conditions exist today, 
in normal seasons, from the middle of June until the first of October. 
When the waters are free of ice, usually about* the middle of May, 
Zizania seed begins to germinate. Most of it was sown by nature 
early in autumn of the preceding year and some of it through accident 
by the Indians themselves in spite of their skill in harvesting the 
crop. 

The seedlings grow very slowly at first, too weak to stand erect 
without the support of the water, which not only surrounds but covers 
them, often deeply. During this early growth, with their narrow leaves 
floating and reaching upward and outward, the plants appear, when 
seen from a canoe floating over an old Zizania bed, like so many 
hydrae seeking their prey. In less than a month the young plants 
push their leaves to the water surface, spreading them upon it in long 
streamers, which at a distance upon good light conditions give the 
lake the appearance of having a low verdant island. In approaching 
small beds of this plant, the emerging leaves could be taken, even at a 
short distance, for a thick growth of duckweeds. In this stage of 
growth, the plants are greatly exposed to wave action. By it they may 
be detached from the soil and brought to the surface of lake or 
stream, leaving only open water where a few days before the young 

■ Thwaitda, Rbcbkn Gold lIxBiorxc xoaierwayn^ p 153 1888 
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Fie 6 —Upper A amall lake in northern Minneaota filled with Zttanta aauattea 
C'wild noe") It hae the appearance of a low meadow. August 1B38 Lower' Young 
Chippewa Indians, in boats, have just finished harvesting "wild noe” in a Minnesota 
lake. The plants are still erect and there is no open water to be seen September 1038. 


plants gave the area the appearance of a green field. Entire stands 
covering a hundred acres or more are often destroyed in this way. 
When water and weather conditions are favorable, the plants are 
strong enough in July to push their stems upward. A few weeks later 
the flower clusters begin to emerge. The stems are stronger now and 
have become more erect. Continuous sunshine and a mild tempera¬ 
ture ripen the seed in about three weeks. 

Among the Indians about this time the topic of conversation is 
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“ricing,” a word coined by the white man and used only in reference 
to harvesting this grain, llie urge to assemble at their favorite lakes 
begins now to grow upon these people. They drift in singly and in 
family groups, settling usually in a wooded spot overlooking the rioe> 
beds. In a few days a camp of many families is established. The 
Indians’ information on the crop is rather definite, for during the 
season the rice-producing lakes are frequently scanned by them to 
ascertain the stand, vigor of plants, and probable seed production. 
Besides their interest in the crop as a source of food and revenue, this 
harvest time is the great social event of the year. Within these camps 
life presents a picture that is quite primitive even though here and 
there are evidences of contact with the white man’s world. 

When it becomes known after an inspection that about one-fourth 
of the seeds appear ripe, the men and women and the older boys and 
girls take to boats (Fig. 5). 

The grain is harvested from canoes that may or may not be the 
handiwork of Indians. Narrow flat-bottom boats, made of planks and 
pointed at each end, are also used. These are made by the Indians 
and are as expertly handled by them as the canoes. Either tsrpe of 
craft is preferred to broad-bottom boats. The latter kind, because of 
difficulty in handling, destroys many plants and shatters much grain 
that would be gathered from a boat more easily handled. In using the 
narrow boats the gatherers may return to the crop as the seed ripens 
and this may be done two or three times. With the broad-bottom 
boats, Avhich are used by the white men, only one passage over the 
ricebeds is ever made. 

Our cultivated grain ripens rather uniformly, but not so with this 
wild plant. The harvest in a certain locality may extend over a period 
of two to three weeks when weather conditions arc favorable and 
when the crop is in the hands of Indians. The white man who gathers 
this grain is not a conservationist. By heritage the Indian is. 

Each craft is occupied by two persons, one who stands in the stern, 
using a long forked pole to push and guide the boat slowly among the 
plants, and the other usually a squaw, who gathers the grain, seated 
near the middle of the boat, facing the bow. With two small pointed 
sticks, about 30 inches long, one in each hand, the seated person runs 
one of the sticks into the plant growth, bending a few plants over the 
boat, and strikes the grain-bearing part of the panicles with the other 
stick quickly and lightly. The grain, which is easily dislodged, drops 
upon the covered bottom of the boat or canoe. This performance is 
repeated on the other side of the boat and continued alternately 
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while the boat is moving until 75 to 100 pounds of seeds have been 
gathered. 

The harvested grain can not be kept perfectly dry while in the 
boat. The added moisture is usually driven off by thoroughly airing 
the grain, spread out in the sun on skins, birch bark, blankets, or 
canvas. After the grain is dried in this manner for several days, 
though sometimes this ^tep is omitted, it is put into a large iron kettle 
or a galvanized iron tub, about 25 pounds at a time, and parched 
slowly over a wood fire, being constantly stirred with a paddle to 
prevent burning (P'ig. 6). Parching requires from 15 to 25 minutes, 
depending upon which of the above containers is used. The grain 
parched in the iron kettle requires more time for this proce.HS and 
usually Ls a better quality than that parched in a tub, probably owing 
to the fact that a uniform heat is more easily maintained in the former 
than in the latter. 

The grain is now ready for the most primitive kind of a mill. This 
equipment, which may be termed a mortar, is a hole in the ground 
about 1} feet wide and 2 feet deep and lined with a skin. When ready 
to operate, about 20 pounds of the parched grain is poured into this 
receptacle. A buck Indian (Fig. 0), taking the part of a pestle, steps 
upon this loose pile of grain and with a half jump on one foot and then 
on the other, combined with a kind of shuffle, treads out the kernels. 
While supplying this power the Indian supports himself by poles 
driven into the ground near the hole. This process, usually called 
‘‘jigging,” detaches the hulls and completes the milling. 

The mixture of kernels and hulls taken from the skin-lined hole is 
now put into a birch-bark tray, about 30 inches long, 20 inches wide, 
and 0 inches deep, to be separated by means of the wind. A windy 
day is usually used for this purpose, yet in the hands of a skillful 
squaw the tray without the aid of wind becomes a very efficient 
fanning mill. The operator, while standing, holds the partially filled 
tray even with her waist and slightly inclined. At regular intervals she 
tosses the contents of the tray. After each toss, the kernels tend to fall 
toward the lower side of the tray and the hulls toward the upper side. 
After this partial separation the mixture is tossed higher into the air, 
and at the same time with a quick movement of the wrists the tray 
is turned forward, producing enough wind to throw much of the chaff 
several feet away. This operation is repeated until the chaff is com¬ 
pletely removed. If the grain was fully matured when gathered and 
the hulls loosened and detached by parching and ‘‘jigging,” this 
primitive method of cleaning leaves only the heavy kernels, which. 
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after washing in several changes of water, are ready for cooking 
(Fig. 4, O. 

Some new methods of preparing the grain, brought about through 
intercourse with the white man, are gradually being used by the 
Indians. The primitive method of parching and hulling, however, al¬ 
though it does take time and labor, produces a product superior in 
quality to that so far obtained by the while man. The use of modern 
machinery for cleaning in place of the birch-bark tray could be used 
to advantage and is now being considered by dealers who are seeking 
larger markets for this cereal. 

The Indians known as wild-rice gatherers belong to the two great 
linguistic stocks,* the Algonquian and the Siouan. The former includes 
the Chippewa, Mcnomini, Cree, Fox, and other small tribes. Among 
the latter the principal tribes are the Sioux, Winnebago, and Assini- 
boin. Probably the Menomini and Winnebago were the first im¬ 
portant tribes to enter the eastern border of the great wild-rice 
country, for when found by Nicollet in 1634 they were well estab¬ 
lished in the vicinity of Green Bay, an area now within the State of 
Wisconsin. They had migrated from the Atlantic seaboard. 

According to Indian tradition the Menomini tribe has been identi¬ 
fied with wild rice for remote ages. Their name is usually translated to 
mean “wild-rice pieople.’’ It has been their belief that “whenever the 
Menomini enter a region the wild rice spreads ahead, whenever they 
leave it the wild rice jiasses.”' In their economy agriculture had a very 
minor place. They lived almost exclusively on game and on plants 
requiring no cultivation. They put a high valuation on wild rice and 
considered it a gift from the spirit powers, and therefore it has always 
been an essential basis for their ceremonial feasts and offerings. 

In 1852 the Federal Government assigned to this tribe a large 
timber tract on the upper Wolf River as a permanent reservation. 
Here they are today, no longer “wild rice people” but foresters en¬ 
gaged in lumbering, having a tribally owned mill at Neopit that has 
been in operation since 1908. Within their reservation there are a few 
wild-rice patches, but they receive no attention because they are too 
small to produce a worth-while crop. Although the Menomini do not 
gather wild rice today, they still use it ceremonially. 

The Winnebago Indians were less nomadic than the other Siouan 
tribes and lived near the waterways in preference to a life on the 
plains, which the Sioux enjoyed so much. For food they, like the 

* JiNKB, Albbbt Ebnbbt Od cit, p 1038. 

’ Kbbbino, Faux M. The Menomtnt Indxane of Wueonttn Mem Amer Phil. 
Boo. 10: xi+201. 1930. 
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Menomini, depended upon fish, small mammals, wild rice, maple 
sugar, and berries. 

When the Chippewa, one of the largest tribes north of Mexico, be¬ 
gan to move westward, they were driven forward by the Iroquois, 
who occupied land that was not overstocked with game but well 
suited for cultivation. These newcomers, being hunters, were not wel¬ 
come by the tillers of the soil and were forced by circumstances to 
continue westward. As the Chippewa moved onward, they encoun¬ 
tered the eastern bands of the Sioux tribe occupying the lake region 
now a part of Wisconsin and Minnesota. 

This part of the great central valley of this continent is filled with 
innumerable shallow lakes and sluggish streams that at one time 
contained an unfaihng supply of food. To the red man centuries 
ago this region was a hunter’s paradise. Besides wild rice and fishes and 
other water-inhabiting animals, it contained for the aborigines an 
inexhaustible supply of land animals too, the flesh and hides of which 
provided food and clothing. These natural resources were considered 
by the Sioux who first possessed them and by the Chippewa who de¬ 
sired them as tribal property of the greatest value, and each fought 
fiercely to get control of them. To these gifts of Nature should be 
added the beautiful and useful birch, the bark of which the original 
inhabitants and their descendants have used to cover their lodges, 
wigwams, and canoes. The bark of the basswood, too, has con¬ 
tributed much to the wants of these people. 

Without a decisive engagement at any time, the struggle between 
these tribes for the full possession of this country continued at in¬ 
tervals for several centuries until 1862, when the Government re¬ 
moved the iSioux, 

The Chippewa never had an undisputed control of these lakes, 
though for several hundred years they ventured upon them to gather 
wild rice, often at the cost of a heavy loss of life. The Indian who 
gathers wild rice in the United States today is of this tribe. His ap¬ 
praisal of these lakes and woodlands naade centuries ago has not 
changed with the years. So, on many occasions, when new treaties 
had to be made to gratify the greed of the white man, the Chippewa 
Indians have asked our Government to give heed to their needs. 

As late as 1863, Hole-in-the-Day, the leading chief of the Chip¬ 
pewa, addressed a pathetic appeal to the Great Father at Washing¬ 
ton, which, in part, is as follows:* 

' Report of the Commumoner of Indisn Affaire for the year 1863, pp. 328-331. 
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My people are unhappy and dissatisfied. I want to see them happy and 
contented. It is both to their interest and the interest of the white man 
that they should be so, and they require but little to make them so. * * * 

The present treaty gives us little but swamps or marshes, where locations 
can be selected that combine all these elements of comfort and content to 
our people, that is, good land, game, fish, rice and sugar. Here, we have 
neither to any considerable extent. True, we may find a little rice and a 
few fish, but not sufficient for my people, not enough to save them from 
starvation. If a treaty were made with the Red Lake Indians, a tract of 
country of the best character for my people might be secured without any 
outlay of ex{wn8e to the government; say that strip of land lying on the 
Wild Rice River between the 47° and 48° north latitude and east of the 
Red River. There is every advantage of good soil, game, fish, rice, sugar, 
cranberries and a healthy climate. * * * 

This late treaty never will, never can satisfy our people. A reservation 
on the Wild Rice would satisfy them all, and they would leave their present 
homes and go to their new ones happily and with a feeling that a better 
future was before them. * * * 

The sooner this is done the better, as it would have a tendency to quiet 
the discontent now existing among our people generally, by holding out to 
them a prospect of a good and pleasant home somewhere near or in the 
valley of the Wild Rice. • • • 

Believe me, then, my Father, to be what my people always have been 
and what they and I now am. Your friend and the friend of the white man. 

Wild rice has played an important part in providing subsistence 
to explorers and trappers who penetrated this great continent two or 
three centuries ago along the waterways that now separate the United 
States from the Dominion of Canada. 

A traveler among the North American Indians during the years 
1652 to 1684, after referring to his reception by the natives, states, 
“Our songs being finished we began our teeth to worke. We had there 
a kinde of rice, much like oats. It growes in the watter in 3 or 4 foote 
deepe.” After comments on God’s care over His creatures and a brief 
description of how the grain is gathered, he continues: “That is their 
food for the most part of the winter and doe dresse it thus: ITor each 
man a handfull of that they putt in the pott, that swells so much that 
it can suffice a man.’’* 

In his Travels and adventures tn Canada arid the Indian Territories, 
Alexander Henrytells us a hundred years later about obtaining from 
Indian women by barter 100 bags of this grain and adds that “with¬ 
out a large quantity of rice the voyage could not have been prose¬ 
cuted to its completion.’’ 

' Vovqm «/ Peter Bepnt Radieeon, Tmnwnbed from original manuseripta in the 
Bodleian Library and the British Museum The Prince Sooietv, Boston, 1885 

Hbnbt, Albxandhr. TrawU and advtnturu tn Canada and the Indian Tem- 
torieej 1760-1776^ new ed , p. 241. 1901. 
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An ample supply of wild rice was always included among the 
winter provisions for the outposts of the fur companies trading in this 
region. David Thompson" records in his Narrative of exploreUions 
in western America that a suiierintendent of a fur company in north¬ 
ern Minnesota and his men "passed the whole winter on wild rice and 
maple sugar." Under such circumstances he considered this grain 
"a weak food" and says that "those who live for months on it enjoy 
good health and are moderately active but very poor in flesh.” 

The old journals of the earlier hunters, trappers, and priests seek¬ 
ing adventure in this great wilderness of the north contain many 
stories about the use of this grain in fighting hunger when other food 
was hard to get. In the great outdoors, white men, like Indians, can 
retain health, develop endurance, and enjoy life on a very simple diet. 

The aborigines of this country were fond of soups, broths, and stews 
thickened with wild rice." To this day, their descendants have not 
lost that fondness. In addition to its simplicity, this dish has the char¬ 
acter of elasticity, which appeals to the Indians. With them mealtime 
is often visiting time. A meal started with three people may be in¬ 
creased to ten or more before it is finished. The uninvited guests 
never seem to cause embarrassment. To provide for them it is neces¬ 
sary only to add water to increase the volume of the soup. 

With a squaw as a cook a favorite dish in the camp of rice-gather¬ 
ing Indians has been wild rice, corn, and fish boiled together, called 
"Tossimanonny."" This combination of foods has also tickled the 
palate of the white man, as may be judged by the enthusiasm of one 
who spoke of it in his later years as being "an object of early love." 
The Indian likes sweets and often eats his boiled rice with maple 
sugar." He may also flavor his boiled rice with cranberries and his 
soup with blueberries. Boiling does not, as a rule, reduce the kernels 
to a paste, but should this condition occur, the pastelike mass is used 
by the Indians as a substitute for bread." 

Some Indians parch wild rice until the kernels burst open as pop¬ 
corn does when heated, and eat it in this condition when away from 
camp." Because of its keeping qualities, the parched grain is recom- 

“ Tuoiipbon, David Narrative of exploratume in wetem Amenea, I78jhl81$, 
The Champlain Booletv. Toronto 1916 

” Smith, Hdbon 11 Ethnohotany of the Meekwaki Indiana Dull Publ. Mua 
City of Milwaukee 4: 266 1028 

" Biddle, Jamkb W ReeoUectiona of Green Bay tn 1818-1817 Appendix No 4 
First Ann Kept, and Collections of the State Hiet Boo of Wieoonein for the year 1864, 
1:63. 

** Dunbar, Sir Gboroh Other nen'e Uvea, p 140 1038 

“ Sticxnrt, Oardnbr P. Indian uae of wild nee Amer Anthrop. 0: 116-121. 
1806. 
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mended to vacation campers for use in either the dry or boiled state. 
In the land of “Ten Thousand Lakes” where the parched grain is 
comparatively cheap and is usually a part of the daily meal, the 
woodman has the advantage of the man of the city, who must pay 
exorbitant prices for it to cover handling charges and profits. Under 
these circumstances wild rice in the city home is seldom u.sed except 
on special occasions. 

Knowing how some like the grain, we may assume that all would 
be just as enthusiastic “ffor each man a handfull of that they putt 
in the pott” and would exclaim with Wenibozho, “Oh, you are indeed 
goodl” 

PALEONTOLOGY.—Paralbula, a new fossil fish based on dental 
plates from the Eocene and Miocene of Maryland.'- S. F. Blake, 
Washington, D. C. 

In the fall of 1035, my wife, Doris H. Blake, found a nearly perfect 
specimen of the crushing dentition of some fish on the shore of the 
Potomac River at Liverpool Point, Charles County, Md. The deposits 
exposed in the bank at this place belong to the Piscutaway member of 
the Aquia formation (Lower Eocene), and the specimen, although not 
found in situ, can be attributed to this period with as much confidence 
as the teeth of Lamna obhqua and other sharks found in abundance 
on the Potomac shore at the same locality. The specimen was given 
to the U. S. National Museum and has since been recorded and figured 
by Dr. George S. Myers.* Dr. Myers identified the specimen as one 
of the Albulidae (ladyfishes), which he regarded as including among 
living forms only two monotypic genera, but he refrained from giving 
a name to the specimen or even assigning it to a genus because the 
crushing tooth plates of the two existing genera are not distinguish¬ 
able. 

The nearly perfect condition of this specimen and the fact that it 
was the first fossil representative of the Albulidae to be recorded from 
America, with the exception of a scale from the Cretaceous of Florida 
described as Albula antiqua Cockerell,* seemed to make it desirable to 
assign a specific name to it, if only to prevent it from being over¬ 
looked. Examination of the pertinent literature and of alcoholic 
specimens of Albula vulpes kindly made available by Dr. L. P. Schultz 
soon showed that this dental plate could not be referred to either of 

' Received January 12, 1040 

* Mysrb, Q S. third record of the albiUid fish Dixonlna nemoptera Fowler^ with 

noiea on an Multd/rom the Eocene of Maryland, Copeia 1936(2): 83^86, fig 1. 1036 

■Copeia 1933:226. 1933. 



206 JOUBNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 30, NO. 5 


the recognized existing genera of the Albulidae. In AUnUa, the best- 
known representative of the family, the lower dental plate is twice as 
long as wide, or more, and bears only a single layer of teeth, which on 
dropping out leave a circular rounded-out pit in the surface of the 
supporting bone. This description applies to the fossil species, two of 
which are described from the Eocene of England, and one from that 
of Nigeria, as well as to the living one. The Maryland fossil is much 
wider in proportion to its length, and its teeth are superposed in ir¬ 
regular piles of 4 to 6, or probably more in the center of the plate, and 
on breaking or wearing they do not leave a cavity but are replaced 
from beneath, as in Phyllodus and some other genera of fossil fishes. 
The teeth, moreover, as shown in the accompanying sketches, are 
quite different in structure from those of AUnda. 

In superficial appearance the plate in question is very similar to the 
original illustrations of Egertonta, a genus described by Cocchi from 
the Eocene of England. Errol I. White, of the British Museum, to 
whom an enlarged photograph was sent for comparison with the type 
of Egerlonia, reported that the latter is very different, the teeth re¬ 
sembling those of the related Phyliodus, being very thin, usually 
only slightly convex, with very numerous successors in piles, while 
both upper and lower plates arc sigmoid in profile. Mr. White regards 
the Maryland specimen as representing an apparently undescribed 
genus, which may bear somewhat the same relationship to the albu- 
lids that Labrodon does to the labroids and Diaphyodm to the sciae- 
nids—that is, a fossil form with pharyngeal dental plates similar in 
general to those of living forms, but having each tooth subtended by 
a pile of successional teeth. Its assignment to the Albulidae, however, 
must be regarded as only tentative. 

Partlbula Blake, gen. nov. 

Pharyngeal dentition sunilar to that of AUnda, but each tooth with a pile 
of Hubvcrtically arranged successors. 

Type species, P. marylandtea, n. sp. 

Paralbula marylandica Blake, sp. nov. 

A nearly oval lower pharyngeal dental plate measuring 36 mm in length, 
26 mm in width^ and 11 mm in depth, broadly rounded at anterior end, 
subtruncate behind, convex-rounded on the oral surface, somewhat flat¬ 
tened along midlino especially posteriorly, slightly concave on the attached 
surface. Triturating surface densely covered with jet-black, shining, sub¬ 
circular, depressed-hemispherical teeth, about 141 in all (including bases of 
broken-off teeth), not arranged in de^ite hnea, the central ones 3.2-3.5 mm 
in diameter, the lateral gradually decreasing in size, the outermost 2-2.5 mm 
in diameU'r. The teeth are irregularly superposed in several layers separated 
by bony tissue, not in direct vertical piles, and have a very smooth, rounded. 
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Fig I —A, Paralbula marylandiea, tntoral turface; B, attached surfaec: C, lateral 
view; D, Paralbula dortiiae, tritoral surface; E, lateral view; P, attached surface. 
All X Bcarly 2. 
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doprcflHed-hemisphorir crown iriflexed at base to form a horizontal, some¬ 
what radially striate rim about 0.5 mm wide. On the attached surface, the 
specimen is somewhat more deeply eroded at the anterior end, and is there 
loosely and irregulurly cellular, with occasional interspersed bases or in¬ 
teriors of teeth. The posterior half is better preserved and shows the bone 
cells arranged mostly in definite longitudinal rows, with on each side near 
the margin of the bone a shallow more or less wedge-shaped depression, 
bounded in front and op the inner side by a rather indefinite ndge, these 
evidently being the sears marking the points of attachment to the support¬ 
ing pharyngeal bones. 

Type - U S N.M no. J3855, collected on shore of Potomac River at 
Liverpool Point, Charles County, Md., October 13,1935, by Doris H. Blake. 
The deposits at tins point, from which the bpecimen undoubtedly came, 
belong to the Pihcataway mc»ral>or of the Acjuia formation, Lower Eocene. 

In my own collection is a detached tooth with eroded base, measuring 4 5 
mm in diameter, and evidently belonging to the same species, which I 
picked up on the beach at the same locality in 1938 

Ah this ])aper was being prepared for jniblication, Mrs Blake picked up on 
the beach near the wharf at Pluinpoint, Md , a much smaller and more im- 



Fig 2 —a f, Paralbula tnarylandtca a, Cross section of tooth, 6, view of tooth from 
henenth. Hhouing the indexed rim, c, view of scar loft on oral surface of plate by a de¬ 
tached tooth The outer ring, which is somewhat impressed and slants slightly toward 
the center, represents the area occupied by the inflexed nm of the tooth, the inner ring, 
which iH elevated above the outer, is evidently a ring of denser bony tissue subtending 
tho tooth inside the inflexed nm, and fitting against the somewhat beveled inner edge 
of the nm; tho central circle is cellular bony tissue c/-e, Paralbula dortnae, d, Typical 
tooth from beneath, r, from the side All X6 

perfect sjwcimeii that to reprew'iit a wcond specicH of the genua. The 

teeth are higher in projiortion to their width, the root is more slanting and 
much more htrongly grooved, and the opening in its renter, whieh ia aearcely 
at all excavated, is much smaller As no Eocene deposits are exposed within 
miles of PIumiKiint, it seems necessary to ascribe this specimen to the Mio¬ 
cene, and probably to the Calvert formation,the ono best developed at Plum- 
point. 


Paralbula dorlsiae Blake, sp. not. 

An irregularly oval, much eroded dental plate 15.5 mm long, 12 mm wide, 
and a^iit 4 mm deep, obscurely convex in cross section on oral surface ana 
essentially plane in longitudinal section, flattish on attached surface. Tri¬ 
turating surface densely covered with blackish brown to light brown, sub- 
circular, depressed-subbphcncal teeth, about 40 in all (including bases of 
broken-off teeth), not arranged in definite linos, 1.6-2.2 mm in diameter, 
1.2-L7 mm deep. Teeth irregularly superposed m about three layers, or 
perhaps more in the center of the plate, separated by bony tissue, not in 
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direct vertical pilen, with a Binooth, almoHt heraiaphorical crown and 
strongly striate, slanting root often almost equaling the height of the crown 
aqd tapering to a subtruncate tip 0.8-1 mm wide. The cavity left in the 
bone by detached teeth is deeper than that in P marylandtca, with more 
strongly grooved sides, and the striated inner nng is not at all elevated; 
the central area is perforate in all the cavities visible in the specimen. 

Type. —U.S.N.M. no. 16134, collected on shore of Chesapeake Bay close 
to and just south of the wharf at Plumpoint, Calvert County, Md., August 
13^ 1030, by Doris H. Blake. Probably from the Calvert formation of the 
Miocene, the best developed formation in the vicinity of Plumpoint. 


BOTANY .—Miscellaneous new American grasses.^ Jason R. Swaii- 
LEN, U. S. Bureau of Plant Industry. 

During the identification of various collections of grasses in the 
past few years, the following species were found to be new, three of 
which are from the United States, i.e., Poa fibrata, Stipa diegoensis, 
and Digitana albicoma. 

Chusquea sulcata Swallen, sp iiov 

Ciilini gra<-il(‘s ramis flonfens fasciculatis adscendentibus 10-26 em longis; 
vaginae intornodiis longiores, glabrae, in ore hispidac margimbus eihatis, 
ligula 0 5 mm longa, truncata, laminae 0-12 cm longae, 4-6 mm latae, 
acuminatae, glabrae marginibus sparse papillosu-hispidis; panieulae 4-10 
em longae, ^10 mm latae, densae, ramis brevibus appressis; axis pubcscens, 
gliimae minutae obtusoc enerves; lemmata steriha obtusa vel subaeuta, 
obscure 1-5-nervia, 2 5-3 mm longa; lemma fertile 0-7 mm longum, sub- 
aeiiminatum, obscure 7-nerve, exanstatum, glabrum; palea lemma aequans, 
sulcata, carinis approximatis pubcscentibus, margimbus latis; anthcrae 4 
mm longae 

Culms slender, probably clambering, the flowering branches in rather 
small ascending fascicles, 10-25 cm long, sheaths longer than the internodes, 
glabrous on the back, hispid in the throat, the margins eiliate; ligule about 
0.5 mm long, truncate; blades 6-12 cm long, 4-6 mm wide, acuimnate, nar¬ 
rowed toward the base, glabrous, sparsely papillose-hispid on the margins; 
panicles 4-10 cm long, 5-10 mm wide, rather dense, the short branches ap- 
pressed, floriferous to the base, the axis glabrous or obscurely scabrous on 
the angles; glumes minute, obtuse, nerveless; sterile lemmas obtuse or sub¬ 
acute, apiculate, 1-5-nerved, the lateral nerves often obscure, | to ) as long 
as the floret; lemma 6-7 mm long, subacuminate, obscurely 7-nerved, awn¬ 
less, glabrous; palea as long as the lemma, sulcate, the keels close together, 

t iubescent, the broad glabrous margins encloang the flower; anthers 4 mm 
ong. 

Type in the U. S. National Herbarium, no. 1722000, collected on Mount 
Orando, Chiapas, Mexico, April 1036, by E Matuda (no. 321). 

This species superficially closely resembles C. nelsoni Scribn., which has 
shorter and broader blades, pubescent panicle axis, larger glumes, acuminate, 
sterile lemmas, and strongly nerved, sparsely pilose, fertile lemma. 

‘ Reotlved October 26, 1B39. All drawings by Mrs. Frances C Weintraub. 
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ChusquM longifoUa Swallen, sp. nov. 

Rami floriferi dense fasciculati adscendentes 20-60 cm lonip; laminae 12- 
26 cm longae, 6-12 mm latae, marginibus scabris; paniculae 10-16 cm longae, 
angustae ramis gradlibus appresms paucifloris scabris; spiculae 12-13 mm 
longae appressae; glumae obtusae, enerves, prima 0.5 mm secunda 1 mm 
longa; lemma sterile primum 7-9 mm longum, 9-nerve, acutum, apiculatum, 
basi latum; lemma sterile secundum lemma fertile aequans, 0-nerve, acumi¬ 
natum, supemc srabrum, lemma fertile 11-12 mm longum, obscure nervo¬ 
sum, puberulum, acuminatum, minute bifidum, aristatum, arista 2-4 mm 
longa; palca lemmate fertili paulo longior, carinis approximatis, bidentata, 
marginibus latis. 

Main culm about 5 mm thick (in flowering part) the flowering branches 
fascicled, ascending, 20-60 cm long; blades 12-25 cm long, 6-12 mm wide 
with scabrous margins; panicles 10-16 cm long, narrow, the dender branches 
appressed, scabrous, few-flowered; spikelets 12-13 mm long, appressed; 
glumes obtuse, nerveless, the first 0 5 mm long, the second 1 cm long; first 
sterile lemma 7-0 mm long, O-nervod, acute, mucronatc, very broad at the 
base; second sterile lemma as long as the fertile one, 0-nerved, acuminate, 
scabrous toward the tip; fertile lemma 11-12 mm long, obscurely nerved, 
puberulent, acuminate, minutely bifid, with an awn 2-4 mm long; palea as 
long as or a little longer than the lemma, bidentate, the keels approximate, 
the margins very broad, incurved. 

Type in the U. S National Herbarium, no. 1724503, collected on Mount 
Tacana, Chiapas, Mexico, altitude 2,000-4,088 meters, in August 1038, 
by E. Matuda (no. 2373). 

Poa flbrata Swallen, sp. nov. 

Perennis, rhisomatosa; culmi rigidi, erecti vel basi adscendentes, 15-35 
cm alti, glabri vel scaberuli; vaginae inferiores tenues, lucidae, undulatae, 
fibrosae, glabrae, supcriores intemodiis longiorcs, firmae, scabrae; ligula 
1-1 5 mm longa acute vel obtusa; laminae 4-8 cm longae vel supreme re- 
ductae firmissimae, conduplicatae, curvatae, scabrae, marpnibus minute 
serratis; panicula 4-10 cm longa, dense, ramis brevibus appressis ad basin 
floriferis vel basi nudis, scabris; spiculae 3-4 florae, 5-6 mm longae; glumae 
acutae vel subobtusae, 1-3-ncrves, prima 2-3 mm longa, secunda 3 mm 
longa; lemmata 2 5-3 mm longa, acuta vel subobtusa, glabra vel scabra vix 
pu^scentia; palea subacuta, lemma subaequans; antherae 2 mm longae. 

Perennial with slender, creeping rhiiomes; culms 15-35 cm tall, nipd, 
erect from an ascending base, glabrous or scaberulous; lower sheaths thin, 
smooth and shining, undulate, becoming more or less fibrous with age, the 
upper sheaths longer than the intemodes, firm, scabrous; hgule 1-1.6 mm 
long, acute or subobtuse; blades 4-8 cm long, or the uppermost some¬ 
times reduced, very firm, condupheato, curved, pungent, scabrous, the 
margins minutely serrate; panicle 4-10 cm long, dense, with short appressed 
branches floriferous to the base, or the lower ones sometimes nakM at the 
base, scabrous; spikelets 3-4-flowered, 5-6 mm long; glumes acute or sub- 
obtuse, 1-3-nerved, the first 2-3 mm long, the second 3 mm long; lemmas 
2.5-3 nun long, acute or subobtuse, glabrous or scabrous, sometimes rather 
obscurely pub^ent near the base uid on the margins; pdea subacute, 
about as long as the lemma or a little shorter. 

Type in the U. B. National Herbarium, no. 1646963, collected in a dry 
subsaJine flat, 2 miles south of Grenada, Shasta Valley, Siskiyou County, 
Calif., altitude 2,600 feet, June 30, 1935, by Louie C. Wheeler (no. 3629). 
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Poe muUeri Swallen, gp. nov, 

Perennis; culmi caespitoai crecti 26-40 cm alti, compresd; folioe prope 
basin congestac; vaginae carinatae glabrae^ cac culmorum ciongaiae; lig^ula 
0,5 mm longa, membranacea, truncata; laminae innovationum laxac, elonga- 
tae, involutae, eae culmorum planae, 3-6 cm longae, 1-2 mm latae, glabrae; 
paniculae 5-8 cm longae pyramidatae; rami solitarii vel bini, graciles, flex- 
uosi, reflexi, ad 3 cm longi, basi nudi; spiculao bidorae, 4 mm longae; ^uma 

f mma 3 mm longa, 3-nervis, acuta, navicularia; gluma aecunda 3.5 mm 
onga, 5-nervi8, abrupte acuta; lemma inferiua 3.5 mm longum, 5-nerve, 
acutum, Carina et nervis marginalibus infeme pubescentibus; palea lemmate 
paulo brcvior; antherae 2 mm longae. 

Perennial; culms loosely cespitosc, 25-40 cm tall, erect from an ascending 
base, conspicuously flattened; leaves mostly crowded toward the base of the 
culms; sheaths compressed keeled, glabrous, those of the culm elongate; 
ligule 0.5 mm long, truncate; blades of the innovations lax, elongate, in¬ 
volute, those of the culm flat, 3-6 cm long, 1-2 mm wide, glabrous; panicles 
5-8 cm long, pyramidal, the branches solitary or in pairs, slender, flexuous, 
reflexed, the lower ones as much as 3 cm long, n^ed in the lower half; 
spikclets clustered on the upper half of the branches, appressed, short 
pediceled, 2-flowered; glumes navicular, the first 3 mm long, 3-nervcd, the 
second 3.5 mm long, 5-nerved, usually rather abruptly acute; lower lemma 
3.5 mm long, 6-nervcd, acute, sparingly pubescent on the keel and marginal 
nerves toward the base; palca a little shorter than the lemma; anthers 2 
mm long. 

Typo in the U. S. National Herbarium, no 1645320, collected in pine 
woods on the Peak of Cerro Potosi, Mumcipio de Galeana, Nuevo JjRon, 
Mexico, July 21,1935, by C. H. Muller (no. 2251). 

The very flat culms with short reflexed panicle branches are characteristic. 

Stipa linearis Swallen, sp. nov. 

Perennis; culmi graciles, dense caespitoai, crecti, 50-75 cm alti, 2-nodes; 
foliae ad basin dense congestae; vaginae culmorum elongatae intemodiia 
breviores, subplanae, glabrae, eae innovationum breves, angustae; ligula 



Fig. 1.— 8iipa linearit, mature floret, XI, and the body of the lemma, X6. 

brevissima vel ad 3 mm longa; laminae culmorum 3-10 cm longae, planae 
vel involutae, eae innovationum ad 35 cm longae, 1-1.5 mm latae, planae vel 
subinvolutae, infra glabrae supra scaberulae, marginibus scabris; panicula 
ad 13 cm longa, angusta, ramis gracilibus, appressis, paucifloris, 1-3.5 cm 
longis; glumae aequales 5 mm longae, acutac, prima 3-5-nervi8, secunda 
fi-nervis; lemma 4-4.6 mm longum, fuscum, sparse pilosum; callum 0.5 mm 
loi^m, hebes, dense barbatum; arista 2 cm longa, bigenioulata. 

Perennial; culms slender, densely cespitose, erect, 2-noded, 50-76 cm tall. 
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the numerous leaves of the innovations crowded toward the base in a dense 
cluster; culm sheaths elongate, shorter than the internodes, becommg almost 
flat, glabrous, those of the innovations short, narrow; ligulc very short in 
the innovations, 1.5-3 mm long on the culm leaves; culm leaves 3-10 cm 
long, flat or involute, those of the innovations as much as 35 cm long, 1-1.5 
mm wide, flat or subinvolute, glabrous below, scaberulous above, the mar- 
rins scabrous; panicle up to 13 cm long, narrow, the slender appressed, few- 
flowered branches 1-3^6 cm long; glumes equal. 5 mm long, acute, green, 
hyaline toward the tip, the first 3-5-nervea, toe second a little broader, 
always 5-nerved; lemma 4-4 6 mm long, abruptly narrowed to the asym¬ 
metrical summit, dark brown, sparsely pilose with pale or brownish hairs; 
callus 0 5 mm long, blunt, densely barbate; awn 2 cm long, somewhat ob¬ 
scurely twice geniculate 

Tyjie in the U. S. National Herbarium, no. 1610508, collected in Diente 
Canyon, 12 miles south of Monterrey, Nuevo Leon, Mexico, July 13. 1933, 
by C. H. Muller (no. 433). 

This spocios is closely related to Slipa auguaixfoha Hitchc , which is a 
smaller plant, 10 30 cm tall, with short involute blades and longer glumes 
and lemma 

Stlpa acuta Swollen, sp. nov. 

Perennis; culmi graciles caespitosi, erecti, ad 95 cm alti; vaginae inter- 
nodiis breviores, glabrae; ligula 1 5^2 mm longa vol cae innovationum 
brevissimac; laminae involutae ad 23 cm longae, firmae, glabrae, marginibus 
Bcabris; paniculae longe exsertae, 15-20 cm longae, laxao, ramis grac*ilibu8, 
adscendentibus vel divcrgontibus, basi nudis, pauciflons, ad 6 cm longis; 
spiculae appressae; glumae acutae, hyalinac, reticulatac, basi purpurascentes, 
prima 11-12 mm longa, fi-nervis, secunda 9-10 mm longa, S-t-nervis; lemma 
7 mm longum, fusiforme, fuscum, pilosum pilis albis apprcssis; callum 1 mm 
longum, pungens, dense pilosum; arista 4-4.5 mm longa, bigeniculata 

Perennial; culms slender, tufted, erect, about 95 cm tall, sheaths shorter 
than the internodes, glabrous; hgule 1.5 to 2 min long, or very short on the 
innovations; blades involute as much as 23 cm long, firm, glabrous with 
scabrous margins; panicles long exserted, 15-20 cm long, lax, the slender 
ascending or spreiiding, somewhat flexuous glabrous branches naked at the 
base—usually in the lower half, few-flowered, as much as 6 cm long; spike- 
lets appressed, the pedicels 2-5 mm long; glumes acute, hyaline, reticulate 
veined, tinged with puri)lc at least toward the base, the first 11-12 mm long, 
5-nervcd, the second 9-10 mm long, &-7-ncrvpd; lemma 7 mm long, fusiform, 
very dark brown, rather densely appressed-pilose with white hairs; callus 
1 mm long, sharp pointed, densely appressed pilose; awn 4-5 cm long, twice 
geniculate, scabrous, the terminal segment slender, somewhat flexuous, 
3-3 6 cm long. 

Type in the U. S. National Herbarium, no. 1760238, collected on rocky soil 
on Cameras Pass, 21 miles south of Saltillo, Coahuila> Mexico, September 1, 
1938, by Forrest Shreve (no. 8545). 

Siipa acuta is most closely related to S. emtnens Cav., which has nar¬ 
rower, 3-ncrved, acuminate ^umes, a pale lenuna 5-6 mm long, and a some¬ 
what shorter awn. 

Stlpa diegoensis Swollen, sp. nov. 

Perennis; culmi densi caespitosi, erecti, 70-100 cm alti, scaberuli, infra 
nodos denm pubescentes; vaginae inferiorea internodiis longiorea, superiores 
internodiis breviores, elongatae, glabrae vel scaberulac; ligula 1 -2 mm longa, 
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obtusa vel truncata, ciliata, pubescena; laminae 15-40 cm longae, 2-4 mm 
latae, planae vel involutae, attenuatae, infra scabcrulae, supra pul^scentes; 
panicula 15-30 cm longa, densa, an^sta, ramis appressis ad 10 cm longis; 
gluma prima 0-10 min longa, l-nervis, acuminata; gluma secunda 8-0 mm 
longa, 3-nervifl, acuminata; lemma 6.5-7.5 mm longum, pilosum, pilis su- 
premia 1-2 mm longis; callum 0.5 mm longum, curvatum, pungcns, pilosum; 
arista 2-3.3 cm longa, bigcniculata, scabra; palea 4 mm longa, acuta, pilosa; 
antherae 4 mm longao, purpuroscentes. 

Perennial; culms densely tufted, erect, 70-100 cm tall, scaberulous, 
densely put^ccnt below the nodes; lower sheaths longer than the inter¬ 
nodes, the upper ones shorter than the internodes, elongate, glabrous or 
scaberulous; ligule 1-2 mm long, obtuse or truncate, ciliate, pubescent; 
blades 15-40 cm long, 2-4 mm wide, flat or mvolute, scabrous on the lower 
surface, pubescent on the upper; panicle 15-30 em long, narrow, dense, the 



Fig 2 —3npa dtegoeTisxBt mature floret, XI, and the body of the lemma, X6. 

branches appri'sscd as much as 10 em long, first glume 9-10 mm long, 1- 
nerved, acuminate; second glume 8-9 min long, 3-nerved, acuminate; 
lemma 6 5-7.5 mm long, pilose, the hairs at the top of tl)e Icnuna, 1-2 mm 
long, callus 0 5 mm long, curved, sharp-pointed, appressod pilose, awn 2-3 3 
cm long, bigeniculate, scabrous; palea 4 mm long, acute, pilose; anthers 4 
mm long, purple 

Tyi3e in the U. S National Herbarium, no. 17G1177, collected along 
vernal stream in chaparral, Proctor Valley near Jamul, San Diego County, 
Calif., May 23,1938, by Frank F. Gander (no. 6778). 

This species is apparently related to S edtiorum Fourn., which is a much 
more slender plant, glabrous below the nodes and has thinner glumes, the 
second 1-nerved or obscurely 3-nervcd, a shorter lemma 5-6 mm long, and a 
more slender obscurely geniculate awn. 

Stipa bracteatA Swollen, sp. nov. 

Perennis; oulmi ad 125 cm alti, caespitosi, erecti, 3-nodes, infra nodos 
dense rctrorse pubescentea, infra paniculam bracteatae; vaginae mternodiis 
breviores infemc pubeacentes, in ore sparse pilosae; ligiila 1.6-;^ mm longa, 
laminae 26-40 cm longac, 1-3 mm latae, planae vel involutae, infra glabrae, 
supra pubescentes; panicula 35-42 cm longa, laxa, fasciculis ramorum re- 
motis; rami gracilcs 4-10 cm longi adscendentes vel divergentes, basi nudi; 
spiculae appressae; glumae acuminatae, hyalinac, 3-nerve8, prima 10-11 
mm longa, secunda 8-9 mm longa; lemma 5.6-6.6 mm longum, fuedforme, 
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fusoum, pilosum pUis albis appressis; callum O.fi mm longum, curvatum, 
dense barbatum; arista 20-24 mm longa, bigeniculata, glabra. 

Perennial; culms as much as 125 cm tall, erect, tufted, 3-noded, densely 
retrorsely pubescent below the nodes, with a conspicuous ciliate bract 4-6 
mm long below the panicle; sheaths shorter than the intemodes, pubescent 
near the base, sparsely pilose at the throat, those of the innovations densely 
pubescent on the collar; blades 25-40 cm long, 1-3 mm wide, flat or involute, 
glabrous on the lower surface, pubescent on the up(>cr; panicle 35-42 cm 
long, lax, the branches in small remote fascicles, 4-10 cm long, some long 
and some short in the same fascicle, slender, ascending or spreading, naked 
at the base, the longer ones usufdly spikelet bearing only near the ends; 
spikelcts appressed; glumes acuminate, hyaline, 3-nervca, the first 10-11 
mm long, the second ^0 mm long; lemma 5.5-6.5 mm long, fusiform, brown, 
pilose with white appressed hairs; callus 0.5 mm long, somewhat curved, 
rather blunt, densely barbate; awn 20-24 mm long, bigcmculato, glabrous 
or nearly so, the two lower segments twisted, the upper straight. 

Type in the U. S. National Herbarium, no. 1721797, collected on grassy 
flats 25 miles north of Ensenada, Baja California, April 4, 1931, by Ira L. 
Wiggins (no. 5153). 

Sltpa bracieata is related to S, ediiorum and S. diegoensts but is at once 
distinguished by the conspicuous bract below the panicle 

Digitaria alblcoma Swallcn, sp. nov. 

Perennis; culmi caespitosi, erecti, 65-71 cm alti, simplices vel basi ramosi; 
vaginae inferiores internodiis multo longiores, dense villosissimae, superiores 
elongatae internodiis breviores, glabrae vel ad basin papilloso-pilosae; 



Fig. 3 .—Digtlaria aUncoma, spikelet and fruit, X5 

hgula 1.5-2 mm longa, truncata; laminae planae, 10-30 cm longae, 3-5 ram 
latae, piloaae vel papilloso-pilosae, marginibus scabris; panicula longe ex- 
serta; racemi 5-9, graciles, adscendentes vel divergentes, 8-12 cm longi 
basi nudi; spiculae 2.5-mm longae, sohtariae vel binae, inferior subsessilis, 
superior pedicello scabro 2 mm longo; duma prima obsoleta; gluma secunda 
angusta S-nervis, glabra, marginibus hyalims; lemma sterile lemma fertile 
aequans, subobtusum, 5-7-nerve, glabrum, margimbus hyalinis; fructus 
2.5-2.8 mm longus, acutus, plumbeus. 

Perennial; culms cespitoso. erect, 65-75 cm tall, simple, or branched at 
the base; lower sheaths muen shorter than the intemodes, densely villous, 
the upper ones elongate but shorter than the intemodes, c^abrous or pi^l- 
lose-pifose toward the base; ligule 1.5-2 mm long, truncate; blades flat, 
lO-W cm long, 3-6 mm wide, pilose or papillose-pilose, the mardns scabrous; 

I ianicle Ions exerted; racemes 5-^ slender, ascending or spreamng, 3-12 cm 
ong, naked at the base; spikelets 2.5 mm long, solitary or paired, the lower 
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one subeessile, the upper pedicellate, the pedicel 2 mm long, acabroue; first 
glume obsolete or nearly so; second glume narrow^ 3-nerv^, glabroiu, the 
margins hyaline; sterile lemma as long as the fruit, 6-7-nerved, glabrous, 
the margins hyaline; fniit 2 5-2 8 mm long, acute, lead-colored. 

Type in the U. S. National Herbarium, no. 1761170, collected in low 
open sandy woods, Chinsegut Hill Sanctuary, Brooksville, Hernando 
County, Fla , November 18,1038, by Jason R. Swallen (no. 66^). 

Digiiaria dOncoma is closely related to D. mibcalpa Hitchc, which has 
many noded culms decumbent at the base and sometimes rooting at the 
lower nodes, less conspicuously villous sheaths, and fewer appressed racemes. 

Mesosetum comatum Swallen, sp nov 

Perenne; culmi graciles, ereeti, 50 rm alti; vaginae internodiis longiores, 
glabrae, in ore pilosae, marginibus minute ciliatis; laminae 4-6 cm longae, 
^2 5 mm latac, superiores et can innovationum reductae, firmae, erectae, 
pungentes, infra glabrae, supra glabrae vel hispidac, marginibus sparse 
hispidis; gluma prima 3 5 mm longa, obtusa, basi hirsuta pilis ad 4 min 
longis, in parte supcriorc scabra; gluma secunda 3 mm longa, S-nervis, basi 
pilosa, supemo glabra, marginibus breviter ciliatis, lemma sterile 4 mm 
longum, acutum, marginibus ciliatis pibs 2-2 5 mm longis, quam pilis glumac 
secundae crassioribus; lemma fertile 3.8-4 mm longum, minute striatum. 

Perennial; culms slender, erect, about 50 cm tidl; sheaths as long as or 
longer than the intemodes with a sro^l tuft of hairs in the throat and a 
pubeseent lino on the collar, the back glabrous, the margins finely ciliate; 
ligule about 0 2 mm long, ciliate; blades 4^ cm long, 2-2 5 mm wide, the 
uppermost culm blades and tliose on the innovations much reduced, fim, 
erect, pungent, involute toward the tip, the lower surface glabrous, becoming 
hispid toward the tip, the upper surface glabrous or hispid, the margins 
sparsely papillose-hispid; raceme 7 cm long, erect; spikelets appressed; first 
^ume 3.5 mm long, obtuse, obscurely keeled, not greatly narrowed to¬ 
ward the base, hirsute across the lower part, some of the hairs as much as 
4 mm long, sparsely hirsute on the midnerve to the middle, the upper dorsal 
portion scabrous; second glume 3 mm long, 3-nervcd, the tip rounded, gla¬ 
brous on the back, pilose toward the base, the margins evenly appres^ 
ciliate nearly to the summit; sterile lemma 4 mm long, acute, the margins 
densely ciliate, the hairs 2-2.6 mm long, coarser than those on the second 
glume, fruit 3 8 mm long, minutely striate 

Type in the U. S National Herbarium, no. 1721241, collected at San 
Ignacio, perro Piedras, Province of Miriones, Argentina, March 10, 1014, 
by Rodri^cs (no. 31). This specimen was communicated by L. R. Parodi, 
Buenos Aires, Argentina. 

Meaosetum comatum resembles M, lohiforme (Hochst.) Chase, which is a 
stoloniferous plant with smaller appressed pilose spikelets, the sterile lemma 
not conspicuously fringed. 

Panicum abadsBum Swallen, sp. nov. 

Perenne; culmi densi caespitod, 55 cm alti, compressi; vafpnae inf^ores 
carinatae, 3-4 mm latae (e carina ad marginem), truncatae, ad badn cul- 
raorum cong^ae, superiores longiores, intemod^ breviores, auriculatae; 
ligula curtissima; laminae 15-26 cm longae, 1-2 mm latae, conduplicatae, 
finiiM, curvatae vel flexuosae, infra glabrae supra scaberulae; paniculM 
terminales et aidllares, 7-16 cm longae, ramis adscendentibus vd appresds, 
paudfloris, ad 10 cm longis; pedicelli 1-4 mm longi appresd; apioulae 2.8-3 
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mm longac; gluma prima 1 6-2 mm longa, S-nervis, acuta, carina scabra; 
gluma Becunda et lemma stenle aequalia, 5-nervia, sulxibtusa, glabra; fruc- 
tuB 2 2-2.3 mm longue, 0 5 mm latus, acutus, pallidus, nitens. 

Peronnial; culms densely cespitose, fiO-70 cm tall, compressed; lower 
sheaths keeled, somewhat crowded, 3-4 mm wide from keel to margin, one 
side of the sheath sometimes 5-8 mm longer than the other, truncate or 
extended at the summit into short, very broad, obtuse auricles, the upper 
sheaths much longer'than the lower but much shorter than the intemcmes, 
the auricles not so prominent; ligule membranaceous, very short; blades 
15-25 cm long, 1-2 mm wide, cunduplicate, firm, curved or fioxuoua, gla¬ 
brous on the lower surface, scabrous on the upper; panicles terminal and 
axillary from all the nodes, longexserted, 7-15 cm long, the branches ascend¬ 
ing or appreased; spikelets 2 ^3 mm long; first glume 1 6 -2 mm long, 8- 
nerved, acute, scabrous on the keel; second glume and sterile lemma equal, 



Fig 4 — Pameum ahseiaaum, spikelet and mouth of sheath, X5. 

5-nerved, subobtuse, glabrous; fruit 2 2-2 3 mm long, 0 5 mm wide, acute, 
pale, smooth and shining 

Type m the U S National Herbarium, no. 1259952, collected in dry sand 
at tourist camp near lake, Sebnng, Fla , October 3, 1925, by Paul Weather- 
wax 

Pameum abscissum belongs to the Agrostoidea group of Pameum, It is 
distinguished from all the other species of the group by the broad sheaths 
truncate at the summit, the firm flexuous blades, and the axillary panicles 
from all the nodes. 

Distribution: Sandy or swampy ground, central Florida. De Soto 
County: Sebnng, Weatherwax in 1925 (type), Polk (bounty: Winter Haven, 
O'Neill 5207, 52^8, Florinda, Piper in 1917. 

Panlcum Irregulare Swallcn, sp. nov. 

Perenne; culmi 80 cm longi, prostrati, ramosi, radicantos, glabri; v^noe 
intemodiis breviorcs vel superiores intemodiis longiorejj, glabrae, in ore 
pubcscentes; laminae 4 5-6.5 cm longae, 1-1.5 cm latao, ovato-lanccolatae, 
acuminatae, glabrae, marginibus albis; paniculae 16-17 cm longae, racemis 
15 remotis adscendentibus 1-2,6 cm longis; spiculae bifiorae, binae, 2-2.2 
mm longac, prima subsessilis, secunda p^icellata; gluma prima 0.7-1 mm 
longa, 1-nervis, acuta; gluma secunda et lemma flosculi pnmi subaequalia, 
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acuta, 5-ncrvia, glabra; palca flosculi primi 1.5 mm longa, hyalina;oaryopsi8 
libera; fructus 1.5 mm longua, acutus, lucidu? 

Perennial; culms 80 cm long, prostrate spreading, ascending at the ends, 
branching, rooting at the lower nodes; sheaths shoiler than the intomodes 
or the upper ones a little longer than the intemodcs, glabrous, pubescent at 
the moutn; blades short pedicellate, 4 5-^.5 cm long, 1 1.5 cm wide, ovate- 
lanceolate, acuminate, with white cartilaginous margins; panicles 10-17 cm 
long with 15 rather remote ascending racemes 1-2 5 cm long; spikelets 
rather densely arranged on one side of the raehis, 2-flowered, paired, 2-2 2 
mm long, spreading, the first subsessilc, the second pedicellate; first glume 
0.7" 1 mm long, l-nerved, acute; second glume and lemma of the first floret 
similar, subcqual, W'uto, 5-nerved, pule^ of first floret 1 5 mm long, hyaline; 
caryopsis free; fruit 1 5 mm long, acute, smooth and shining. 

Type in the U. 8. National Herbarium, no. 1044874, colkn^ted on stony 
river bank in the vicinity of El General, Province of San Jose, Costa Rica, 
altitude 760 meters, February 1939, by Alexander ¥ Skutch (no. 4115). 

Pantcum trregulare is related to P froTidescens Moyer, which has a denser, 
shorter panicle of more numerous racemes and larger spikelets 2 0 2.8 mm 
long with the lower floret sterile 

BOTANY.— Arizona plants: New apmes, varieties, and combinaiions,^ 
F. J. Hermann, T. II. Kearney, and R. H. Peebles, U. S. Bu¬ 
reau of Plant Industry. 

A paper on this subject appeared in this Journal on November 15, 
1939 (29: 474r-492). A few additional novelties have since come to 
light, and they are published here in order to avoid publication of new 
names in a flora of Arizona, now in preparation. 

Juncus interior Wieg var arizonicus (Wieg ) Hermann, comb. no\. 
Juncus amonxeus Wieg , Bull. Torrey Bot Club 27: 517 1900 

Juncus interior Wieg. var neomexicanus (Wieg.) Hermann, comb nov. 

Juncus Wieg., Bull Torroy Bot Club 30: 447 1903. 

Both J. amonxeus and J, neomexicanus possess the acuminate to aristate 
bracteoles of J, interior, which set this species off from its nearest allies. 
Intermediates arc frequent between the two varieties here proposed and 
t^ical J. interior, but most material falls rather readily into one of the 
three forms and may be distin^ished by the following key: 

Perianth equaling the capsule, 3-4 mm long J. inlenor 

Perianth exceeding the capsule, 4-6 mm long 
Bracteoles lanceolate, acuminate, perianth-segments erect, rigid, 
lanceolate, their hy^ne margins relatively narrow and opaque 
.... J interior var. anzonicus 

Bracteoles broadly ovate, acute to abruptly aristatc; perianth-segments 
spreading, not rigid, broadly ovate, with broad transparent scarious 
margins and brown lateral bands bordering the green center. 

.... , . J. interior var. neomexicanus 


^ Received February 1, 1940. 



218 JOURNAL or THE WABHINQTON ACADEMY OF BCIENCBB VOL. 30, NO. 5 

JuncuB longlstyllB Torr. var. BcabratUB Hermann, var. nov. 

A varietate typica roccdit foliis pcdiccllisque scabratia. 

Of the 20 coUectiona of J. longtslylts seen from Arizona, 9 represent the 
typical form of the species and, except for one specimen from the Huachuca 
Mountains (Cochise County), all arc from the northern half of the State. 
The others have the vegetative parts scabrate much as in the eastern J. 
caeaanensta Coville, and the auricles show a tendency to be prolonged, free, 
and acute. The scabrosity is most conspicuous upon the i^icels and the 
terminal portions and margins of the leaves. Intergradations with the typical 
form are found in various degrees, however. The following collections in the 
U. S. National Herbarium arc characteristic of var. acaibratua: Near Prescott, 
alt. 6,350 feet, Yavapai County, Peehlea, Hamaon, & Kearney 2712, August 
8, 19M (TYPE); Willow Springs, Apache, County E. Palmer 656 (in part) 
and 624 (in part), July 1890. 

JuncuB tracyi Kydb f. utahensis (Martin) Hermann, comb nov. 

J. utahenaia Martin, Rhodora 40: 69-71. 1938 

Juncua tracyi manifests two forms, a few-headed, many-flowered phase, 
characterized by the type specimen of Rydberg’s species, and a many¬ 
headed, few-flowered phase, represented by the type specimen of J. uloA- 
enaia. The extremes of these forms arc strikingly different in appearance 
yet intermediates are plentiful and there is no apparent geographic segrega¬ 
tion of the extremes Junena enatfolttia Wikstr , J. phaeocephalua Engelm., 
J. aaxtmonlanua A. Ncls., J. canadenaia J Gay, and J acumtnalua Michx 
arc other species that exhibit a parallel scries of forms 

Juncua sazimontanus A. Nels. f. brunneacenB (Rydb.) Hermann, 

comb. nov. 

JuncM brunnescens Rydb , Bull TorreyBot Club 31:400 1004. 

This form shows the same instability as d<x‘s J. tracyi f utahenaia and 
like it seems to have no geographic significance. The extremes may be dis¬ 
tinguished by the following key: 

Inflorescence composed of few (seldom more than 10) heads, which aver¬ 
age 7-10 mm in diameter and are many (15 to 25)-flowcred 
. .... J. aaxtmonlanua 

Inflorescence composed of numerous (usually more than 10) beads, which 
average 5-6 mm in diameter and are few (5 to 12)-flowercd 

. J. aaximontanua f. brunneacena 

Astragalus cobrensis Gray var. magulrel Kearney, var. nov. 

Ab A. cobrenai f. typica pills longioribus patentibus, foliolis supra parce 
pubescentibus, calyeis dentlbus quam tubo longioribus, recedit. 

Type from White Tail Canyon, Chiricahua Mouniuns, Cochise County, 
Aris., in sandy soil under oeJc and walnut, Baaaett Maguire et al. 11079, 
2,1935 (U. S. National Herbarium no. 1768940). 

The variety here described has rather long spreading hairs on the herbage 
and pods, leaflets sparsely pubescent above, and calyx with teeth longer 
than the tube, whereas in typical A. cobrenata the hairs arc shorter and 
appressed, the leaflets ^abrous above, and the calyx-teeth about as long 
as the tube. The flowering stems in var. maguirei (probably also \n A. co- 
brenaia) arise from long, slender, creeping rootstoclu. 
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Aalragaliu ecbrentia, known only from oouthwestem New Mexico, is 
sparingly represented in herbaria, and var. maguirei is known only by the 
type collection. Study of additional material of these forms may prove 
maguirei to be a distinct species. 

Echlnocereus robustuB Peebles, sp. nov. 

Echtnoeereua recliepinua Peebles var. robuatua Peebles, Amer. Joum. Bot. 
25:675. 1038. 

ZOOLOGY.— The hairworm, Gordius robustus Leidy, as a parasite of 
the Mormon cricket, Anabnis simplex HaJdeman} Gbrald 
Thorns, U. S. Bureau of Plant Industry. 

INTRODUCTION 

Parasites cfTective against the Mormon cricket, Anabrus simplex 
Haldeman, apparently arc very rare. It was, therefore, of considera¬ 
ble interest when there were reports of a heavy parasitism by Gordius 
robustus Leidy in the vicinity of Arrowrock Dam, Idaho (1). Visits to 
that locality were made by the writer on July 26 and October 9,1935, 
and on May 16 and August 24, 1936. The unusual populations oc¬ 
curring there presented excellent opportunities for studying the para¬ 
site from the standpoint of life history, habits, host relationship, 
ecology, and economic importance. Specimens for more detailed ex¬ 
amination and experiments were taken to the Salt Lake City, Utah, 
laboratory. 

This observation of Gordius robustus coincided with the unprece¬ 
dented populations of Anabrus simplex which first appeared at Fort 
Hall, Idaho, in May, 1932, and by August, 1936, had infested almost 
2,000,000 acres in 24 counties of Idaho (11). Similar outbreaks of the 
cricket occurred in other western States (Fig. 1). 

HISTORICAL 

Gordiua robuatua Leidy, 1851, belongs to the rather common group of or¬ 
ganisms known as “hairworms,” the adults of which arc usually found in¬ 
habiting warm shallow pools or streams. In its immature stages it is known 
as a parasite of certain insects, principally Orthoptcra. 

The first record of Gordiua robuatua in Anabrua atmplex (synonsrm A. pur- 

> The writer le indebted to Claude Wakeland and R. W. Haegele. who gave valued 
preliminary information on the dintribution of Oordtua robuatua in the Arrowrock eor- 
tion and joined In vlnting the area on two occaeiona J Percy Moore, of the University 
of Pennsylvania, kindly lent the Leidy collection of 0 robuatua from Milk River Mont., 
and Dr. Henry B Ward forwarded the May collection from Drbana, III, for com- 
pariaon with the Idaho and weatern Montana apecimena collected in 1936 O. Steiner 
and Edna M. Buhrer have given valuable augimtlona on the manuscript and bibliog¬ 
raphy. The mM us^ in Fig 1, giving the 1937aistribution of Anabrus atmpUx, is taken 
from a U. 8. Apartment of Agriculture Press Service release, Mareh 20, 1937. Re¬ 
ceived November 18, 1039. 
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purascens*) is given by Riley, Packard, and Thomas (9, footnote 83, p. 327), 
who mention “(fordiua rolwsfus, Leidy.—A cf from 9 Ant^>nts purpurcucens 
Uhler; in Mr. Riley’s cabinet.” No records remain as to the locality in which 
this specimen was collected Riley, Packard, and Thomas (10, p. 64) quote 
Bruner’s remarks on parasites of the Mormon crickets observed along the 
Portneuf River, Idaho: "Hair-worms (Oordius), too, are frequently found 
wound about their intestines.” 



Leidy (3) reported Gordtus robualus from New Jersey as a parasite of a 
grasshopper, later (5) identified as Conocephalut fcuctalua fasetattu (DcGecr) 
(synonym Orcheltmum gractle Harris), and (4) of the carabid beetle Ptero- 
Hlichw {GoBtrellanws) honestus Say (synonym Pteroatichua faaltdttua Dej ) 
Thomas (6) found a female in SteTwpalmatna fuscus Haldeman (synonym S. 
faanatua Thomas) at Wasatch, Utah. May (6) reports it in the vicinity of 
Urbana, Ill, as a frequent parasite of Orcheltmum vulgare Harris, O. ntgrtpea 
Scudder, Oonocephalua memoralia (Scudder) (qrnonym Xtphtdtum nemordle 
Scudder), and occasionally Phanerojdera furcata fureata (Brunner) (syno¬ 
nym Seuddertafureaia Brunner). 


' Synonyma given are the boat names of the original records. 
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THE IDENTITY OP GORDIUS ROBUBTUS LEIDY, 1851 

The type specimen of Gordtw robuMtis from Corxocephalw fcLseialua fas^ 
cialua has not been preserved, but a collection from Milk Biver, Mont., 
made in 1876 and identified by Lcidy, is still available This consists of four 
males and six females varying from 31 to 46 cm in length The hosts of these 
specimens are unknown, but they were collected within the range of Anabrus 
Simplex and, judged from their size, it appears quite probable that they grew 
m these large insects. These 10 specimens are identical to those recently col¬ 
lected in Idaho and Montana except for their lighter color, which is due to 
bleaching during their long preservation in alcohol. 

Leidy's original designation of the name Qordius robusfus was given with 
a very meager description (3). I^ater (4, p, 57) he published a more detailed 
description but listed the species as a synonym of O aquaixeust Gmelin 
(which is G. aquaitcus lann., 1758). He followed the name with a question 
mark, indicating that his specific designation was questionable. Montgomery 
(7) placed the species as a variety, G, aquaiicus rohusius; but later (8) made 
it a 8 ynon 3 rm of G, villott Rosa, 1882. May (6) considered 0 robustus as a val¬ 
id species and prepared an excellent, detailed morphological description. 

After examining the specimens from Milk River, Mont., the writer con¬ 
siders that May's action was fully justified. To further establish the fact, 
specimens from the Arrowrock section were sent to Kurt Heinasc, a leading 
European authority on Gordioidea, who pronounced them as being neither 
Gordius aquaiicus nor f?, vtlloit} Caballero (2) records both 0. robustus and 
Cr. d^pioiicus from Mexico, thus suppl 3 ring additional evidence that the two 
species are distinct. 

Since Leidy determined the specimens from Milk River, Mont., as being 
the same as his type specimen of Gordius robustus from New Jersey and also 
in view of the fact that May found the species prevalent in Illinois, the wnter 
has no basis for assigning the form to any other species 

DISTRIBUTION OF GORDIUS ROBUSTUS AS A PARASITE OF ANABRUS SIMPLEX 

A survey of the Arrowrock section on July 26,1935 (Fig, 2), revealed that 
there was a great difference in the number of Gordius present in the various 
localities. They were most numerous on Elk Creek where tangled masses 
(Fig. 3) were present in almost every pool, and many more were scattered 
along the stream or buried in the loose gravelly soil or under rubbish. At 
Grouse Creek and near Long Gulch Ranger Station they were almost as 
numerous, while small numbers were present in Shde Gulch, Cottonwood, 
Highland Valley, and other points along the route. 

After the first reports of the parasitism of Mormon crickets by a Gordius, 
workers in the various cricket infested areas of the Western States were on 
the alert for additional localities in which the hairworm might be present. 

■ Personal communication dated February 20, 1937. 




'oir BOoUon ahowing survey route, July 20, 1935, and location of Mormon-cneket bauds at that time. 
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However, the only places added were in Montana, where Frank Cowan and 
Horace J. Shipman, of the U. S Bureau of Entomology and Plant Quaran¬ 
tine, collected a considerahle number near Cutbank and a single female near 
Augusta (Ilg. 1). 

ECONOMIC IMPORTANCE OP GORDIDB ROBUBTIT8 
Reliable reports indicate that between 25 and 60 percent of the Mormon 
crickets invading the Grouse Creek section early in July 1935, were para- 



Vig. 3.—Entangled mass of Oordttu robuttui collected 
on upper Elk Creek. 


sitiied by Gordiiu robuatw, and this appeared to be corroborated by the 
great numbers present in the stream and buried in wet areas. At that time on 
Arrowrock Reservoir the crickets entered the water m great numbers, until 
patches 2 or 3 square rods in extent sometimes were floating about and from 
them large numbers of Gordii emerged and congregated along the shore. By 
July 26 it was evident that the larger portion had left their hosts, and it was 
difficult to find crickets in which Gordii still remuned; between Arrowrock 
Dam and Grouse Creek only five parasitised crickets were found among 
1,000 examined, and in other localities they were just as rare. However, the 
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Fio 4 —AnabruM nmpUx parasitiMd by Oordtut robuslut Note in the top 
figure how thoroughly the body ountents of the inaert have bion absorbed leav 
ing only the alimontary oanal Natural site 

cnckcts aro migratory, remaining in one locality only a short time, and it is 
probable that those observed by the writer were from different breeding areas 
than those in the earlier invasions 

Commenting on the parasitised tnekets collected on September 26,1035, 
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near Cutbank, Mont., Horace J. Shipman wrote, “The paraHitised crickets 
were found near a pond, which was the only one in the vicinity Crickets 
taken within 100 yards of the pond wen* approximately 99 percent para- 
mtiEod, and only one of the cnekets contained eggs. One mile north of this 
pond the cnckets were about 50 pt*rcent parasitised."^ 

On July 20,1936, (Claude Wakeland* reported that about one-fourth of the 
cnekets in the Slide Gulch and Rattlesnake localities near Arrowrock R(*s('r- 
voir were' parasitized. 

None of the parasitizcnl cnckets collected by the writer contained eggs 
The body cavity was invariably found to be completely filled wi<h the para¬ 
site, and only the alimentary canal remaim'd (Fig 4) The jiarasitized female 
containing a few eggs reported above by Shipman may have been a caR<' of 
very late parasitism after tin* ovanc's had been developed. 

It IS evident that female cnckets parasitized by Gordius rohusius rarely 
produce eggs, therefore, in regions of heavy parasitism the cncket popula¬ 
tion must b<' considerably reduei'd Sinci* only a minor poiiion of the breeil- 
ing grounds of the Monnon cncket lies near streams, ponds, and swamps 
suitable for the propagation of Gordius^ the efifc'ctive control exc'rcised ovct 
the total cricket population dunng extensive outbreaks probably is negligi¬ 
ble. Th(» migratory habits of the cricket bring great numbers to streams 
wluTe they may beooim* parasitized but at the same time a large portion of 
these individuals wander far from water and die, the parasites being lost be¬ 
cause* water is essential to completion of their life cycle. 

During the many years betwc'en extensive cricket outbreaks only small 
bands occur, and these generally are confiiu*d to the higher elevations whore 
there is more abundant moisture. In those n'gions where Gordius is abundant 
the water-frequenting habits of the cnckets no doubt bnng practically all of 
them in contact with Gordius, and dunng such periods it si'cms quite prob¬ 
able that economically more effective parasitism occurs. 

MORPHOLOGY OF QORDIUB ROBUSTUB 

AduUs “ -But little can be added to May’s description of the adults (6). 
The specimens observed all correspond closely with his observations except 
in minor points, which apparently are due to individual variation Very 
light-colored specimens, especially females, apparently lack the dark dorsal 
and ventral bands and light-colored areas of the cuticle that May men¬ 
tions, but they show distinctly on all the darker-colored females and males 
These markings were also absent on the bleached, alcohol-preserved speci¬ 
mens from the Leidy collection The branching hairs of the cuticle men¬ 
tioned by Montgomery (7) could not be found, and since May also failed to 
observe them this statement must have been an error Considerable varia¬ 
tion in the male postcloaeal ridge occurred among the specimens collected, 

* Pereona) oommuniration dated December 9, 1935. 

* Peraonal ooramunioatioii dated June 20, 1036 
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the most common form being slightly angular (fig. 6, A), while a more an¬ 
gular t 3 rpe (Fig. 6, B) was comparatively rare. 

The oral opening is degenerated to a minute scar (fig. 5, C), which is visi¬ 
ble only in a face view. In no instance was it observed that the larval spear 
remained within the oral apierture. 

A brownish ring generally surrounds the cloacal opening of the female, but 
on occasional specimens it is entirely lacking. Wheii present it varies con¬ 
siderably in its distinctness and width. 



Fig 5 —A, B, Male tails showing variations in the form of the oloaoal ridge, X26. 
C, Rudimentarjr oral opening, X70O D, Larva, X760 E. Head of larva with pro¬ 
truded proboBois, X750 F, Posterior portion of larva with blunt terminus, X750. 
O, Sperms, X10OO. 

Specimens of Gorditts robusfus from Anabrua atmplex frequently are very 
large. Wakeland and Shull (11) state that they reach a length of 48 inches 
(121.6 cm), and the writer collected a female 120.6 cm long. A random collec¬ 
tion of 200 specimens contained 63 females varying in length from 13 cm to 
120 cm and 137 males from 18 cm to 91 cm. 

Egga ,—The slightly ovate eggs average about 38 m wide by 51 m long and 
are deposited in slender broken cords held together by a gelatinous mucus, 
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which swells on contact with water until the ogg cord is about 1 mm in di¬ 
ameter (Fig 6, A). The ovary occupies almost the entire body cavity, and the 
number of eggs produced by a female is enormous, those from a 106-cm fe¬ 
male being estimated at 28,902,600. There is a short uterus, 2 to 3 mm long, 
in which huge numbers of minute spermatosoa (Fig. 4, G) can be found in 
fertilised females. The body of the spermatosoon appears to be somewhat 
flattened and concave, probably giving it a rotary motion as it is propcUod 
by its tail. Fertilisation of the eggs occurs as they pass through the uterus. 






Flic 6 —A, £« cord after depontioo, X1 
B, Female hibernating among roots, XI. 

Eggs are regularly deposited in spring, but rare females occasionally were 
observed depositing in fall. Segmentation and larval development may occur 
immediately or be delayed for some months. 

LIFE CYCLE OF GORDIUS B0BU8TUS IN THE ARROWBOCK SECTION 

Overwintering females emerge from their hibernating quarters in the 
loose gravelly soil or under sticks, stones, and rubbish (Fig. 6, B) during 
April and May and enter the shallow water of swamps, pools, or streams 
where the eggs are deposited Many of the eggs hatch soon alter deposition, 
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while others may remain for sc^veral months without hatching Some of those 
taken to Salt Lake City contained living larvae until September, and it is 
doubtful if they would have hatched that fall. 

The minute larvae move slowly about in the water, frequently lifting them¬ 
selves up on the tips of their toils and swinging about in circles. Here they 
apparently are picked up by the young cnckets when drinking, or when eat¬ 
ing aquatic plants, and pass to the intwtine Prt*8uinably they force their 
way through the intestinal wall into the body cavity with the toothed pro¬ 
boscis while they cling to the intestinal tissues by means of the three rows of 
cephalic hooks 

After entering the body cavity growth takes place so rapidly that by late 
in June many are full gnmn and ready to emerge from the crickets Appar¬ 
ently the time of leaving the host depends upon some sense of proximity to 
water, for during the heat of the day, when crickets congregate in the shade 
along streams or moist areas, the mature Gordius break through the abdom- 
jna) wall and emerge, moving info the water or burying themselves in the 
moist soil. 

At the time of emergence from the host tlie color of the females varies 
from a milky white to light brown, and that of the males from light to dark 
brown After exposure to light the color dt*epcns, especially in the males, 
which arc usually darker than the females, sometimes almost black 

(Population takes place in the water, perhaps also in the soil, soon after 
emergence Females collected July 26 usually contained sperms in the uterus 

Larvae —The larvae (Fig 5, D) range in length from 0.12 to 0 16 mm and 
average about one-ninth as wide as long. The flexible cuticle is marked by 
annules that vary in distinctness and width as the individual moves about 
The broad anterior end bears three circlets of cephalic hooks, the second row 
is arranged directly behind the first, while the third row alternates, the hooks 
being back of the interspaces of the first two rows When at rest these hooks 
are retracted into the oral o]>ening until the last row points almost straight 
forward As the proboscis w extruded the hooks roll out and back (Fig 5, E) 

The slightly clavatc proboscis bears two or three very minute projections 
oil its distal end Back of these, on the anterior conoid portion, are about six 
rows of fine corrugations The proboscis joins the tubular esophagus, their 
combined length varying from one-eighth to two-fifths that of the entire 
body 

The larvae generally have a pointed tail, but occasional specimens had 
blunt, rounded tails (Fig. 5, F). 

The larvae are soft bodied and unable to withstand dr 3 dng Exposure to 
air on a bamboo splinter for one minute was fatal in every case. 

The manner in which the larvae of Gordius robustus enter Anabrus simplex 
was determined by the following method: A supply of crickets was secured 
near Tooele, Utah, where 0. robustus is not known to occur. Lettuce was fed 
to the cnckets, and as soon as one was busily feeding a drop of water con- 
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taming several larvae of G. robtistiiH was plaeod just in front of it Generally 
the cricket continued feeding and swallowed the larvae* along with the food. 

Thirty crickets were fed in this manner on June 15 to 18 and placed in a 
cage A few crickets were removed each week thereafti'r, throe to five at a 
time, and dissecUKl On July 1, one female contained n male Gordius 260 mm 
long and on July 9 another female was found with a male Gordius 245 mm 
long. Of the 30 cnckets, 18 died and 12 were dissected Only the two men¬ 
tioned were parasitized 

At the same time 23 crickets were selected, and a drop of water containing 
s<*v(Tal larval Gordius was placed in the folds betwet'ii the selentes of the 
abdomen. Of these 23 cnckets, 9 dunl and the remainder were disseett'd, 
none being found infested B(»cnusc of their sensitiveness to drying it would 
appear impossibh* for the larvae to enter the bo<ly of the host in any manner 
other than through the mouth 

Unfortunately the season was so far advanced that very young crickets 
could not be secured, and those used in the above expenmenf s were all in the 
second and third instars In these large cnckets the larval Gordius apparently 
are earned through the intestinal tract before they have an opportunity to 
penetrate the intestinal wall This ap])eared to b(* proved by the fact that 
among 50 adult cnckets confinc»d in wet swampy fxms, in which thousands 
of Gordiua c'ggs and larvae were kept in (‘xcellent condition, not one IxTome 
parasitized An abundance of small aquatic plants was present and these, 
together with the water consumed, certainly would appear to have given 
every cricket ample opportunity to become parasitized. 

ECOLOGICAL FACTORS 

In the postparasitic stages Gordius robustus thrives best in warm shallow 
pools with loose gravelly banks well covered with vegetation These condi¬ 
tions enable them to congregate during the mating si'ason and later work 
their way into the loose soil, under stones and sticks, or into masses of roots 
or leaves, where they hibernate during winter. Seep areas where warm 
ground water rises during winter are especially favorable, and in the Arrow- 
rock Dam section these areas wen* generally inhabited by large numbers. 

In the years preceding these investigations such conditions had prevailed 
in the Arrowrrock section There hod been no unusual runoff and the stream 
beds were littered with sticks, pieces of logs, and loose stones, making ideal 
breeding conditions for Gordius robustus (Fig. 7, A) 

The months of January and February, 1936, were unusually cold, each 
with average mean temperatures of 23 4® F , 1.7® and 7.4° respectively below 
the normal at the Arrowrock Reservoir station. This temperature was ac¬ 
companied by a heavy snowfall with a water content of 10,14 inches, 4 87 
inches above tlu* mean for these two months As a result the loosely packed 
snow melted rapidly during March and especially during April. Streams 
flooded over their banks, channels were widened and deepened, and all 
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Fig 7.—^ Upper Elk Creek, Idaho, Julv 26, 1036 
B, Same location. May 10, 1030. 


debris was removed (Fig. 7, B). Most of the hairworms that had hibernated 
in the stream channels and adjacent banks were carried away by these 
floods. Scores of them could be found hanging high on limbs and roots 
where they had been left as the waters receded. As a result the Oordiiu 
population in the Elk Creek and neighboring basins was estimated to be 
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only 5 to 10 percont as great as in the preceding year Many years will be 
required to repair the erosion damage to these stream beds and return them 
to their former conditions, which were so favorable as breeding grounds for 
Oordius. 


SUMMARY 

The hairworm Gordius robusiua was first observed as an important para¬ 
site of the Mormon crickot, Anabrus simplex^ in 1035 m the vicinity of Arrow- 
rock Reservoir, Idaho. In certain localities of this area there arc favorable 
breeding grounds for the hairworm along small mountain streams and in 
pools or swamps. In these localities they may be of economic importance in 
the control of ordinary populations of Mormon crickets. However, during 
heavy outbreaks of crickets, such as occurred in 1935 to 1937, the percentage 
of parasitism was too small to be of economic importance, although in some 
instances it reached 25 to 50 percent of the crickets Similar parasitism was 
also observed near Augusta and Cutbank, Mont, where in certain small 
areas 50 to 99 percent of the crickets contained Gordii 

Parasitised crickets rarely produce eggs. They live normally until the 
mature Gordius breaks through the abdominal wall and enters water or wet 
soil Here the Gordii mate and later hibernate in moist places under sticks 
and stones or among roots and rubbish Some eggs arc deposited in fall but 
more generally in spring, when the females emerge from hibernation and 
deposit them along tl^ shores of streams, ponds, or swampy areas. Here the 
minute larvae hatch and probably are picked up by the young crickets when 
drinking water or eating aquatic vegetation. Upon reaching the intestine of 
the cricket they apparently boro through the wall and enter the body cavity, 
remaining there until maturity 

Under present erosion conditions in breeding areas of the Gordius most 
of them are carried away by floods. 
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SCIENTIFIC NOTES AND NEWS 

CONFERENCE ON A NEW FLORA OK THE DISTRICT OF COLUMBIA 

A confcTcncp on a new flora of the District of Columbia (to replace the 
one publishinl in 1910) was held at George Washington University, Febru¬ 
ary 20,1940. 

An Executive Committee was appoinU'd to administer the venture. The 
chairman of this committee is E H. Walker, of the U. S National Her¬ 
barium, and the other members are C R Ball, Extension Service, U. S. 
Department of Agriculture, Agnes Chase, Smithsonian Institution; 
Robert F Grioos, George Washingfton University, Neil Hotchkiss, 
U. S Biological Survey; and Hugh O'Neill, Catholic University. 

The conference discussed the area to be included in the new flora, and 
though no final decision was taken it was the consensus that the limits be 
extended beyond those established for the current flora It will be several 
years before the new flora goes to press, and the intervening period will be 
utilized in collecting Tlie George Washington University has provided 
space, with tables and storage cak(>s, in which several Initanists have offered 
to deposit their local collection 

All those desirous of participating in this enterprise should communicate 
with E H Walker 


(^littuarp 

I<"redrrick Gale Tr^on, economist, National Bituminous Coal Com¬ 
mission, died on February 16, 1940 Mr Tryon was lx>rn in Minneapolis, 
Minn , in 1892. He was graduated from the University of Minnesota with an 
A.B. in 1914, and in 1916 he received his A.M degree from that institution 
Later he did additional graduate work at Johns Hopkins University In 1916 
and 1917 he was employed as an assistant geologist with the Empire Gas 
A Fuel Co During the Great War he was commissioned a.s a captain and 
assigiuxl to the statistics branch of the General Staff of the Army in Wash¬ 
ington and with G H Q in Franco, and later was American secretary for the 
raw materials section. Supreme Economic Council, American Peace Com¬ 
mission, Pans, 1919 In 1920 to 1926 he served as a mineral geographer in 
charge of coal and coke statistics for the U S Geological Survey Dunng a 
part of this time, from 1922 to 1923, he further acted as statistical adviser 
to the U. S. Coal Commission From 1926 to 1937 he was connected with the 
U. S. Bureau of Mines in fuel industries, during 1936 an,d 1937 as principal 
economist. In 1937 he was ap]^mted economist in the Bureau of Research 
and Statistics, National Bituminous Coal Commission. 

Mr. Tryon served on the staff of various institutions including the Uni¬ 
versity of Penni^Ivania, Brooking Institution, American University, and 
the Institute of Economics (Washington, D C,). He was appointed on the 
Resident's Research Committee to study socid trends in 1932-1933, and 
in 1934-1^5 to study population redistribution. 

In addition to the Washington Academy of Sciences Mr. Tryon was a 
member of the Economics Association, the American Institute of Mining and 
Metallurgical Engineers, the Mining and Metallurgical Society, the G^logi- 
cal Society of Washington, and the American Association for the Advance¬ 
ment of Sciences and was a fellow of the Statistical Association. 



JOURNi<4 

OF THE 

WASHINGTON ACADEMY OPHSCIENCES 

VoL. 30 June 16, 1940 No. 0 

CHEMISTRY .—A study of the association of magnesia with silica in a 
pure magnesium clay,^ P. G. Nutting, U. S. Geological Sur¬ 
vey. 

A white clay occurring near Hector, Calif., described by Foshag 
and Woodford (1) was shown to be a nearly pure magnesium siheate 
of the montmorillonite type. It swells largely and disperses readily in 
water like the familiar Wyoming bentonites. Although eomposed al¬ 
most entirely of a crystalline mineral, it is remarkable in that its 
magnesium may be completely removed (leaving pure silica) by elec- 
trodialysis. In view of this ready separation by electrical means, it 
seemed desirable to make solution analyses of this clay by the method 
previously described by the author. This method consists essentially 
of bringing the clay to equilibrium with various hot dilute solutions of 
acid or alkali and analyzing the resulting solution (2, 3). To clarify 
the interpretation of these analyses, pll determinations were made 
on each solution. Some rather remarkable results appear worth put¬ 
ting on record. 

The magnesium is not removable by electrodialysis from a pure 
montmorillonite to any observable extent. From the Wyoming ben¬ 
tonites only the alkalies are thus removable. The swelling property of 
the Hector clay is doubtless due to its being saturated with alkali to 
base-exchange capacity, a property that, as shown by Mattson (4), 
is true for clays and soils in general. Alkali in the Hector clay amounts 
to 4.19 percent, of which 3.00 percent is NaaO and 1.12 percent is 
LiiO (1). Magnesium can not be exchanged for lithium or the lithium 
for magnesium, so that the exchangeable base is the 3.00 percent of 
NaiO. The IHiO of water of crystallization is very firmly held, being 
released only above 650° C. (nearly 100° higher than in pure mont¬ 
morillonite) and is completely removed only by heating to 1,000° C. 
Boiling with ammonium oxalate separates magnesium from silica as 
do of course the mineral acids. Sodium carbonate solutions remove 
the silica from the magnesium. 

^Publiiihed by permissJon of the Director of the U. S Oeologio&l Survey. Re¬ 
ceive January 14, 1940. 
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The white Hector clay forms a permanent hydrogel in water, but 
the light-brown clay associated with it does not and may be readily 
separated by settling and decantation. The stock suspension used 
contained 8 grams per liter. To 100-cc portions of this stock in pyrex 
flasks was added hydrochloric acid to make concentrations ranging 
from 0.01 to 4.00 percent, as shown in Table 1. The flasks were kept 
at 90“-92° C. for 24 hours, the clay Altered out with Whatman 42 
filter paper, the filtrate evaporated, dried at 160“ C., and weighed in 
pyrex beakers. The residue consisted partly of water-soluble chlorides. 
These w-ere removed by boiling in water. The water-insoluble residue, 
after drying and weighing, was treated for 20 minutes with concen¬ 
trated hydrochloric acid to separate bases and silica, and these were 
determined. Calcium, iron, and aluminum were negligibly small. 
Magnesium was determined as pyrophosphate. The pH determina¬ 
tions were made with a glass electrode apparatus on portions of the 
filtrate carefully brought to room temperature (29“± 1“). The inter¬ 
mediate range of concentrations (0.063 to 0.63 percent) were repeated 
six times since in this range equilibrium is extremely sensitive to op¬ 
erating conditions. 

The more significant results arc given in the follow ing table and arc 
graphed in the figure. 

TaBLS 1 —SoLUBIUTT OF HkcTOR ClAY IN HCI SOLUTIONS ANB pH OF 
Various Clay Solutions 


InltiAl 

HC71 

P«ro«it 

In Molutlnn 
armmji per liter 

Initiel Aoid 
pH 

Filtrate pH 

m e q HCI 
per gm 
oUy 

BlO. 

Innulubie^ 

SoluDle* 

Heetor 

Puis 

Wyoming 

0 0 

0 082 

0 00 

0 00 

(0 01) 2 70 

8 05 

5 67 

4 10 

0 274 

0 010 

0 010 

0 00 

0 00 

2 40 

7 83 

4 52 

3 30 

0 430 

0 025 

0 04H 

0 032 

0 00 

2 28 

7 00 

3 40 

2 75 

0.600 

0 040 

0 121 

0 009 

0 00 

2 00 

0 20 

2 51 

2 27 

1 10 

0 003 

0 225 

0 102 

0 12 

1 88 

5 40 

2 08 

1 00 

1 73 

0 100 

0 276 

0 100 

0 32 

1 70 

5 60 

1.80 

1 03 

2 74 

0 150 

0 240 

0 108 

0 02 

1 40 

4 48 

1 30 

1 40 

4 30 

0 252 

0 182 

0 140 

0 08 

1 30 

4 38 

1 10 

1 21 

6 00 

0 40 

0 431 

0 205 

1 30 

1.12 

3 22 

0.07 

1 04 

10 00 

0 03 

0 405 

0 302 

1 78 

0 05 

1 30 

0 88 

0 02 

17 3 

1 00 

0 508 

0 282 

1 03 

0 78 

1 01 

0 80 

0 81 

27 4 

1 50 

0 406 

0 252 

1 08 

Fresh 

0 00 

0 52 

0 55 

(Id HtO 

2 52 

0 473 

0.210 

2 00 

Cooked 

— 

0 10 

— 

only) 

4 00 

0 430 

0 175 

2 00 

— 

— 

— 

— 

— 


■ After b«»ting At 100* C. 

The solubility of the Hector clay is of the same general character as 
that previously found (3) for the familiar Wyoming swelling ben¬ 
tonite. The reversal in slope in the concentration range of 0.1 to 0.25 
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percent acid occurs also in the curves for Wyoming bentonite in the 
range of 0.4 to 1.0 percent—four times the concentration. This re¬ 
versal has been found in the nonswelling adsorbent clays low in so¬ 
dium (2), but it can not be fully explained. ^ 

In pure water silica appears to dissolve as sodium silicate and the 
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solubility (0.082 gm/liter) is higher than in dilute acid. It is nearly or 
quite insoluble in 0.01 percent acid but is rising rapidly at 0.04 per¬ 
cent reaching a first maximum at 0.1 percent. Magnesium, in a form 
insoluble in water (after evaporation to 160° C.), appears with about 
0.016 percent acid and closely parallels the silica curve, the ratio of 
MgO to SiOi remt^ining about 0.7 throughout the entire middle range. 
In the clay that ratio is 0.5. Mg as water-soluble chloride appears in 
the filtrate residue at about 0.04 percent acid and steadily increases 
to a constant amount (0.2 gm/liter) above 1 percent acid, owing to 
the limited amount of clay present. 

The pH curve of the equilibrium clay-acid filtrates descends from 
the initial value 9.9 for clay in pure water in a linear relation from 0.01 
to 0.1 percent acid, then remains nearly constant from 0.1 to 0.4 per¬ 
cent, drops suddenly to the normal value, and continues just above 
the curve for pure acid (dashed line). The slope on the 0.1 to 0.4 per¬ 
cent shoulder is less than that for the acid solution alone; trebling the 
acid content lowers the pH only from 4.6 to 4.4. Such an effect might 
be produced by adsorption, os pH is a measure of the hydrogen ion 
activity, but the total magnesium going into solution is steadily in¬ 
creasing in that range. Living bodies maintain a similar constant pH 
regardless of the intake, possibly for a similar reason. 

The pH curve for the Wyoming swelling bentonite lies very much 
lower than that for the Hector clay and exhibits a barely perceptible 
shoulder in the critical region. Three other swelling bentonites from 
Ontario, Oreg., Como, Colo., and Paria Valley, Utah, were inves¬ 
tigated. The Paria clay runs higher than the Wyoming, the others are 
loi\ er. For comparison pH runs were made on a Vicksburg bentonite, 
a very pure montmorillonite. The curve for this was almost identical 
with that for the acid solution, despite the fact that it is attacked by 
acid as freely as the Hector clay (2). Florida fuller’s earth gave a pH 
curve almost identical with that for the Wyoming bentonite. An acid 
clay from northeastern North Dakota and a field soil gave curves 
slightly lower than that for straight acid. Not one of these clays, ex¬ 
cept the Hector, showed more than a slight irregularity in its pH 
curve where the Hector clay has a pronounced shoulder. At higher 
acid concentrations, the Paria clay curve dips well under the curve 
for pure acid as though an excess of silicic acid were released. 

Summary.—The white swelling Hector clay breaks down in hot 
acid solutions like the swelling Wyoming bentonite but at markedly 
lower acid concentrations. The pH curve of the filtrates from these 
suspensions not only runs much higher than that of any of the seven 



JUNB 15, 1940 UOBAN, B11IE8G, COUCH: NEW CYANOGKNGTIC PLANTS 237 

other clays tested but exhibits a pronounced shoulder in an inter¬ 
mediate acid range not shown by the others. This shoulder indicates 
that hydrogen ions are inactivated either by physical adsoprtion or 
by chemical reaction, or that hydroxyl ions arc released largely over 
a particular range. 
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PHYTOCHEMISTRY.—SoTBc new cyanogeneitc plants.^ E. A. 
Moran, R. R. Briebe, and J. F. Couch, U. S. Bureau of Animal 
Industry. 

This paper reports the detection of hydrocyanic acid or of com¬ 
pounds capable of developing it in six species of plants not hitherto 
known to be cyanogenetic together with some figures for the HCN 
content of Triglochin pedustna. 

EmpUctodadua faaciculaiua Torr.—California desert almond, one 
of the Amygdalaccac, is found in California, southern Nevada, south¬ 
ern Utah, and Arizona, according to Tidcstrom.* It is a small spines- 
cent shrub closely related to the well-known cyanogenetic genus 
Prunua. It has not hitherto been reported as being cyanogenetic. 
Material was collected in 1936 in Wah Wah Valley, 30 miles west of 
Milford, Utah. This was dried and shipped to Washington. Analysis 
of the leaves showed a high HCN content of 172 mg per 100 g. Leaves 
collected on Juno 19, 1937, at 2 p.m. in the same locality were pre¬ 
served in 1 percent mercuric chloride solution. Analysis of these 
samples at 4, 8, and 12 weeks after collection gave 132, 135, and 134 
mg HCN per 100 g green. Neither acetone nor benzaldehyde could be 
detected in the distillates from these samples, and no clue was ob¬ 
tained as to the nature of the cyanogenetic glucoside. 

Ltnum ktngit S. Wats.—A perennial yellow-flowered flax found in 
Wyoming and Utah, according to Tidestrom, belongs to a recognized 
cyanogenetic genus. The common flax, Ltnum uaitaltaaimum, is a 
well-known cyanogenetic species,* and several cases of poisoning of 
livestock have been traced to it. Fresh material was collected on 

^ Received January 3, 1040. 

■ Tidbbtrom, Ivab Flora of Utah and Nevada Contr U 8 Nat. Herbanura 
25 1025. 

* JoBiSBEN and Hairs Bull Acad Roy Belg (3) 21:520-640 1801 
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July 13, 1038, from the mountain sides near the Salina (Utah) Experi¬ 
ment Station of the U. S. Bureau of Animal Industry and at an alti¬ 
tude of 7,800 feet. The plants were then beginninK to blossom. The 
fresh material was preserved in 1 percent mercuric chloride solution 
and shipped to Washington. On analysis after one month the sample 
gave 0.98 mg HCN per 100 g of plant. A sample preserved in water 
alone gave 1.07 mg under the same circum.stance.s. This species is, 
therefore, only slightly cyanogeiietic in the flowering stage. 

Linum lewistt Pursh.— Prairie flax. A perennial blue-flowered spe¬ 
cies found, according to Tidestrom, from Manitoba to Alaska, south¬ 
ward to Texas, California, and Mexico. Fresh material of this species 
was collected on June 24, 1938, from a locality 10 miles southeast of 
Salina, Utah, at about 6,000 feet altitude. The fresh plant preserved 
in 2 percent mercuric chloride was shipped to Washington. The 
plants were in late-blossom and immature fruit stage of growth. Anal¬ 
ysis after 2 months showed 69 mg HCN per 100 g or considerably 
more than L. ktngii contained. If grazed by cattle or sheep, L. Uwish 
is likely to produce fatal poisoning. 

Glycena septentnonahs Hitchc.—The cyanogeiietic properties of 
eastern mannagrass were discovered by George B. Reynard, of the 
U. S. Bureau of Plant Industry, who collected samples at Oakland, 
Md., on September 4, 1937. Mr. Reynard stated that the fresh grass 
gave a strong Guignard lest for HCN. A partly dried sample that he 
submitted to the authors was identified by Mrs. Agnes Chase. On 
analysis it gave 30.9 mg of HCN per 100 g. Several other species of 
Glycena have previously been reported to be cyanogenetic.^ At the 
level of HCN found in the specimen G. aeptentnoncdia should be 
dangerous to ruminants if eaten in ipiantity. 

Centaurea americana Nutt.—Basket flower, American star thistle. 
Seeds of this plant were submitted by Robert Merz, Jr., of College 
Station, Tex. Hydrocyanic acid has been reported from the following 
species: C. moniana and C, aolatitialia by Couperot® and from C. 
crocodyhum by Mirandc.“ The seed of C. americana gave 5.8 mg. of 
HCN per 100 g. 

Stillingia dentata (Torr.) Britton and Brown. Dried plants col¬ 
lected by 0. G. Babcock in the vicinity of Garden City, Tex., were 
supplied by Dr. H. L. Haller, of the U. S. Bureau of Entomology and 
Plant Quarantine. Mr. Babcock stated that the plant was very poi¬ 
sonous to sheep and that the circumstances of the poisoning indicated 

* Cf. Wkiiukr, C Die Pflamcnatoffe, Jena, 1029, ErgflnxunKflhand, 103A; and 

Albbbro, C , and Black, O F. Journ Biol Chem 21:601 '009. 1015 

* Wbhubii, C Loc cit 
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the possibility of cyanogenctic glucosides and alkaloid being present. 
Analysis of the dry leaves and stems showed that 77.7 mg. of HCN 
per 100 g could be obtained after 24 hours of maceration in water. 
This method is known to give somewhat low results, and it may be 
concluded that the actual quantity potential in the dried plant is 10 
to 20 percent higher than the figure stated. The quantity of material 
at hand was insufficient to permit further investigation of this point. 
At this level of HCN it can be said that this plant is very dangerous 
to cattle and sheep. 

Triglochin palustris L.—Arrowgrass has been reported eyanogc- 
nctic’ but much less is known about this species than the more im¬ 
portant T. marilima, and no figures for its HCN content have been 
published. Material of T. palimtns collected by J. II. Ehlers at Che¬ 
boygan, Mich., Ill August 1938 and dried was analyzed September 20. 
It gave 13..5 mg HCN per 100 g. The plant had flowered but w^as not 
yet in seed. The quantity of HCN found is considerably smaller than 
is customarily given by T. marilima dried .samples of which commonly 
yield more than 100 mg of HCN per 100 g, and .sp<‘cimens running 
fr<im 2(M) to 300 mg are not uncommon. One specimen growing under 
water contained only 13.4 mg calculated on the basis of fresh plant. 

fJEOLOCY.— New Jormatwii names to be used in the Kingston Range, 
Ivanpah quadrangle, Cahjurnia.^ D. F. IIkwe'ct, U. S. Geo¬ 
logical Survey. 

A think series of sedimentary rocks of late pre-(yambrinn age that 
occur in the Kingston Range have not herctofon* been divided into 
mnppable units. I’hey have been referred to in adjacent regions by pre¬ 
vious w'riters’ as Algonkian strata. The series compri.se.s oboiit 0,500 
feet of sandstone', conglomerate, quartzite, shale, and dolomite that 
crop out on the north and cast slopes of the Kingston Range. They are 
somewhat similar to a senes of rocks that occur in the Grand Canyon 
region of Arizona. This assemblage of sedimentary rocks in the King¬ 
ston Range is named the Pahrump series, from a nearby valley lying 
north and northeast of the Kingston Range. It rests unconformably 
on pre-Cambrian granite gneiss and is overlain unconformably by 
sedimentary rocks that probably represent the basal formation of the 

* Okbsiiuff, M Pharm Weekhl 45: 1105-1100 1008; Dlankmma, tbtd SO: 

1296-1302 1913 

* Pubbshed by permisBion of tho DirerU^r, Oeoluf^ical Survey, U H Department of 
the interior. Received March 23, liKO 

■ Nobls, LbVI F. Rock formaixona of Dralh Valley, Caltf Science, n s , 80 (2000) 
17;^ 178 1934. IIaezard, John C Paleozoic neciton, Nopak and HeHtxng Springs 

Mountatne. Inyo CourUy, Caltf Cnlif Jomn Minew nnd rJcMdoKy, State 
Kept 33(4) 288-339. 1938. 
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Paleozoic rocka, Lower Cambrian in age. The formations to be de- 
scribed arc as follows’ 

f Kingston Peak formation 
111 ck Sirring dolomite. 

Crystal Spnng formation 

Crystal Spring forinatiorv 'Fliis formation crops out in n 1 h*U that oxtcuids 
for 6 miles around the north sloiie of the Kingston Range and in two areas 
on the eastern .sh>j)e of the range The formation eompnsc's about 2,000 feet 
of quartzite, arkose, shah*, and limestone, intrudcxl by sills of dioriti* and 
syenite, with Is'ds of dolomite and chert at the top and thick coarse coii- 
glonu*rate at the basi* 'riie bas(* of the formation has be(*n obs(*rved at 
only one l(»calily, on the wTst (‘nd of a ridge 2 miles east of Horse Spring 
Here conglonieratie (juartzite rests on pn*-Cambrian gneissic granite No 
fossils w'cTc found in the formation. The name of the formation is derived 
from Crystal Spring on the north slope of Kingston Range 

Beck Spnng dolomite ~ The Jic'ck Spring dolomite conformably overh(*s 
the Crystal Spnng formation and crops out conspicuously in a belt 6 miles 
long on the north slope* of Kingston Range* Two 8malh*r blocks of the 
dolomite, each about I mile long, crop out in the hills northeast and east of 
the rang(* I'lu* formation is made up larg(*ly of lK‘ds of light bluish-gray 
dolomite, 2 to 4 feet thick, H(*parnt(*d by layers i)f shaly matiTia), and is 
about 1,000 feet thick No clearly identifiable fossils ha\e been found in it, 
but layers of roundish concretions about half an inch in diameter, found 
at one place, may be of algal origin Beds of oolite s(*veral fe(»t thick are also 
numerous The name of the formation is derived from lh»ck Hpring on the 
north slope of the range 

Kingston Peak formntton ~ Tlu* Kingston JVak formation is an unusual 
asH(*mblage of s(*dinients that conformably overlie the B(*ck Spring dolomite 
It crops <iut Ml a b(*lt 20 miles long around the north and east slopes of 
Kingston Range but is interrupted by H<*\eral faults The formation is 
about 1,900 feet thick, along the western part of the tK*lt, but at the east c*nd 
It app(*ars to Im* much grcat(*r The formation consists of sandstoiu* and lime¬ 
stone with a (luck coarse* conglomerate in the middle The congloinerati* is 
made u]) largely of subangulur cobliles of limestone up to 12 inches in di- 
am(*ti*r with quartzite and granite cobble predominating near the basi* This 
uncommon assemblage of sediments resembles the debris tliat forms fans on 
(he border of (he prescuit valleys, called fanglomerate The name of the 
formal ion is derived from Kingston P«*ak, th<* highest i>oint in the range 

HOT ANY. Three fungi dcstruciitye to free-living terricolouH nema¬ 
todes? Chauleb Drechsleu, U. -B. Bureau of Plant Industry. 

In several earlier papers (5, (i, 8, 9, 10) comparative treatment was 
accorded to 24 fungi that had been observed to subsist on free-living 
nematodes infesting old agar cultures started from diseased rootlets 
or from other decaying vegetable materials. As the agar media em¬ 
ployed were of a concentration sufficient to insure a rather firm con¬ 
sistency together with relative freedom from liquid water, the cul- 


‘ Rcrcivcd DerGml>er 0, UMO 
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tures provided approximately terrestrial rather than aciuatic condi¬ 
tions, and therefore not only encouraged the multiplication of eel- 
worms mainly terrestrial with respect to source and adaptation, but 
also permitted development of the similarly terrestrial fungi habitu¬ 
ally destructive to them under natural conditions. The 24 fungi 
hitherto treated include representatives of two distinct groups—21 
species, mainly predaceous in mode of attack, being referable to an 
interrelated series of hyphomycctes wherein are embraced members 
of the genera Arthrobolrys, Tnchothcctum,DaclyleUa,Dactylaria, Tnpo- 
sporina, and Tndenlarta; the remaining 3 species being referable to 
the Zoopagaceae, a distinctive family of conidial phycomycctes most¬ 
ly destructive to terricolous rhizopods. 

Apart from recognizable memliers of the predaceous miiccdiiiaceous 
scries and of the Zoopagaceae, about a score of additional fungi have 
been observed to destroy free-living nematodes in agar cultures. 
Nearly all these forms arc parasitic in their mode of attack, infecting 
their hosts by germination of adhering conidia. Only one among them, 
the widely distributed and very destructive llarpoHptmum nngtiillulae 
Lohde, can with any certainty be referred to a species previously re¬ 
ported as parasitic on nematodes. This meager agreement w'lth earlier 
findings is not surprising when it is considered that in large part the 
literature on fungus parasites of nematodes records observations made 
on animals kept under conditions widely different from those obtain¬ 
ing in agar cultures. The relevant contributions by Braun (3), Soro- 
kine (23), Sadebeck (19), Dangeard (4), Lindner (13), Maupas (16), 
Micoletzky (17), and Sparrow (24, 25) dealt presumably with infec¬ 
tions of actively motile eelworms that came about under conditions 
apparently more nearly aquatic than terrestrial. Baunacke (1), (Sof- 
fart (11), Korab (12), and Rozsypal (18), on the other hand, were 
concerned with parasites destructive to the eggs and the almost 
equally inert larvae in cysts of Heterodera achachitt Schmidt. Now, 
manifestly, infection of active eclw’orm.s by fungus spores umier 
aquatic conditions, and infection of inert stages under terrestrial con¬ 
ditions, are not attended by t.hc difficulties usual in infection of ac¬ 
tively motile eelw'orms under terrcstnal conditions. For in their brisk 
movement through soil or through decaying organic materials, terric¬ 
olous nematodes constantly tend to scrape away the spores adhering 
to them externally, much as cattle rid themselves of the larger sting¬ 
ing flies in walking through dense shrubbery. Snmll size, slender or 
flattened shapie, and strong adhesiveness are among the physical at¬ 
tributes whereby the spores of successful parasites are enabled to 
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withHtund the adverse mechanical action to which they are exposed. 
In the two phycomycetous parasites herein described some of these 
attributes are derived from developmental modifications that appear 
to be of taxonomic higiiificance. 

Haptoglossa hetekospoua 

A funRUH evidi'ritly referable to one or another of the w'veral zo()H])ore- 
])rodvu*inK gn>uj)s in tlie PhyeomyeeteH has frequently Imh'u olwerved de- 
si royniK enormous numlMTs of ni'matodes in agar cultures prepared from 
media of rather soft consistency and planted with decaying portions of roots 
or slems originaimg in gn^erdiouse or field It has also been found destroying 
nematodes in agar eultun*s that after being permeated with Pytktum myce¬ 
lium had been further planted with pinclies of leaf mold collected in decidu¬ 
ous woods in Virginia, Maryland, or Wisconsin Most of the species of 
eelworms commonly infesting soft agar cultures stnrU*d from vegetable 
materials that have undergone partial deeomposition in contact with moist 
gniund, aiipear susceptible to attack by the fungus, though differences in the 
rapidity of tlu‘ir <l(»struetion are often noticeable The appearance' of the* 
fungus m a petri-dish culture' h'ads usually within a few days to the extermi- 
iialion of all active individuals of the susei'ptible species present. In its 
hpectacular destructiveness and widespread distribution the fungus invites 
comparison with IlarjmajHinum athgutllulac and with the larger of the 
retiary predaceous hyphomyceU-s, particularly Arthrobolrys ohgospora Fres., 
.1. ronoidrs Drcchsl , .1 mustformtis Dreclisl , and DartyUiria thaumasia 
Drechsl 

During the earlier stages of it-s development within a nematode th(‘ fungus 
is relatively inconspicuous At about the time tlie infected animal liecomes 
incapable' of further locomotion, the parasite may Ih» discerned imbedded in 
the granular and globulose material resulting from degeneration of imiseula- 
tun' and organs (Fig. 1, A) With further approjirmtion of the di'generaling 
mali'nal it iinjiroves markedly m visibility and inen'ow's somew'hat in 
volume (Fig I, B), so that when the last remnant of digestible sulistiince 
has iK'cn aliHorlM'd, it is revealed with much distinctness inside the otherwise 
einjity host integument (Fig 1, C-G). 

In an individual host animal the parasite may be represt'nted by a single 
thallus (Fig 1, F) or by many thalli (Fig. J, A-E, G) Instances of infection 
by a single thallus or by tw^o or three thalli are especially fri'quent early in 
the course of an ('pizootic As the epizootic continues the number of thalli 
in lh(' individual infected eelworm increases rapidly, with the result that in 
the end instances of infection by more than 50 (Fig. 1, C) or even more than 
JOO thalli are not infrequent. This increase in number, naturally, is accom¬ 
panied by proportional decrease in size, and, somewhat secondarily, by some 
change in shaiie; the larger vegetative bodies being generally of cylindrical 
conformation, with bluntly rounded ends, whereas the smaller specimens are 
mostly of prolate ellipsoidal conformation. Irregular modifications of out¬ 
ward form, such as median constrictions and narrowed terminal prolonga¬ 
tions, occur here and there. The larger vegetative Iwidics are frequently 
somewhat curv'ed or crooked, either because of crowding by their fellows 
(Fig. 1, B, G), or because of constraint from the posture taken by the host 
animal in its death (Fig 1, F). 

Following I'xhaustion of their food supply the thalli of the fungus are 
transformed into siiorangia. The smaller specimens (Fig 1,1, J, K) each put 
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forth laterally a Hmgl<‘ broad protrusion that presses the aiiiniars intepument 
outward in a perceptible bulge. More or less simultaneously eleavage lines 
appear in the granular protoplasmic conlent^i, dividing them into units of 
approximately equal volume Suddenly the broadly rounded tip of the pro¬ 
trusion yieltls, and the delimited protoplasmic lumps are in large part 
forcibly expelled through the opening Transformation of the larger tfialli 
usually entails development of seviTal protuberances at sonu* distance from 
one another. In instances where five or six b(‘aks are formed, two or threi' of 
them may participate in dehiscence llt‘gardless of the numlxT of openings 
prt'Hent, a considerable proportion of the protoplasmic lumps usually fail to 
Ik* dischargr*d (Fig I, H, 6, c, L, ()), and mus! await their liberation by the 
disintegration of host integument and sporangial tiKunbrane 

AftcT being jiropidled some distance into the adjacent medium, the dis- 
ehargi‘d proloplasls round u]) individually to form irregularly globose im- 
rnotile spores (Fig 1, H, c: ]j) Each of the encysted bodii's soon gives rise 
to a bud, which then grows out (Fig 1, Q) to form eventually a flattened 
structure with an elongated lateral lobe that is usually curled at its tip in a 
tonguehki* manner (Fig 1, M). Often the axial or proximal jwrtion of tht* 
llattened structure, like th«‘ (uivolope of the inunotile spore to which it 
nmuiins attached, is found evacuated of contents, all of the protoplasmic 
maUTial having boon collected in the glossoid lobe Bi'fore long, hundrt'ds of 
the curiously constituted unit.s thus resulting from asexual reproduction 
surround the integumcuitary remains of each host animal like a dense cloud 
When a hindthy munatode passes through such a cloudhke array, some of 
the n*produetive bodi(*H become fixed to it, attaehnnuit iKung accomplished 
appariMitly through adhesion of the concave surface of the glossoid lol)o to 
the animal's integument. Upon perforation of the intogunKuit by a minute 
opening the protojdasmic contents of the reproductive body migrate inward 
to form a small saelikc structure This stnietun* then proceeds to develop 
autonomously, thereby again giving rise to a eylindneal or ellqisoidal thallus. 

During the later and mon* readily discernible stages in thc*ir development 
som(» of the thalli can be semi attached to the aniinars integument by a 
conical connection devoid of protoplasmic contents (Fig 1, G). In this 
conical part is to lx* n*cognizeu unquestionably the saccate body by which 
invasion was initiated The larger number of thalli, however, show no evident 
connection to the integument, a circumstance I hat might imply either that 
thalli often multiply by division, or that connections onguially present ofU'ii 
are destroyed as a result of movement by the animal An approximate end- 
lo-eiid arrangement of thalli (Fig. 1, A, B) occasionally to be observed argues 
somewhat in favor of the former alUTnative, while the latter is supported 
more especially by the frequent abw'iiee of any obw^rvable connection l>e- 
tween integument and fungus in animals parasitized by only a single thallus 
(Fig. I, F). Since such single thalli, when occurring in large animals, attain 
impressively large dimensions without dividing into iiruts of smaller size, it 
may be presumed that vegetative division is at least not a constant feature 
in the development of the fungus The presence of very numerous thalli m 
infected animals during the later slaKi*H of an epizootic in an agar culture is 
very obviously attributable to the enormous numbers of germinated spores 
then distributed through the medium. Often in such later stages the incipient 
infections from individual spores are so numerous and close together that 
the intruding protoplasts, operating virtually os a mass, will extensively 
separate integument from naked musculature. In the head region, especially, 
such wholly pathological separation—not to be confused with hastened 
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molting 'IS oft^'u associated with conspicuous deformation of fleshy struc¬ 
tures 

With respc'ct to size the immotih* spores from each individual sporangium 
show only moderate variation Most fn.*quently, ]>orhaps, they range in 
diameter between 4 5 and (i^i (Fig. I, H, b, c, L, M) Many sporangia, how¬ 
ever, give rise to stwres ranging in diameter between 8 and lOju (Fig I, 
N; O; P) It IS not apparent that spores of intermediate dimensions are jiro- 
dured except as unusually oversized Hjx*cimens in clusters referable to one 
category, or as undersizc'd specimens in clusters referable to the other cate¬ 
gory As sporangia producing the larg(‘r spon^s fre<iiiently occur in tlu* same 
host animal with sporangia producing the smaller spores, the difTenmee in 
dimensions can not readily be held traceabl(» to differences in environmental 
conditions Unstained living material n^vcals no divergence m manner of 
development or in mode of infection associated with the inequality of size 

Prt'Hiimably the produetion of Hattened lobato or glossoid infeetiVT slriie- 
tures by lh(‘ discharged immotile sporangiospores repn'sents a develop¬ 
mental process equivalent to th<‘ emission of motile zoospores from encysted 
sporangios|)on's familiar in the sapnilegniaceous gcuK^ra Achlya and Apha- 
tiomycfs (Vrtainly, tht* type of asexual rei>roduction concerned here shows 
l(‘ss similarity to the Pythium-hkc reproduction that is found associat'd 
with mon' iir Ic'ss swolhui cndoparasitic thalli in the gt'nera Lagejui, Lagetuh- 
itunny and Myzocytiumy (liaii to the AchlyaA\]\o reproduction associated with 
swollen endofmiasitic thalli in Eclrogdla and AphanomycopsiSy as these 
g<*n(*ra w<»n' understood l)y Scherffel (21) Wit h ErtrogviUi and A phanomycojy- 
Ui<y moreover, the fungus undi'r coUKideration offers furtlu'r morphological 
parallelism m the pronouiieedly grandiilar consisteney of the protoplasm in 
Its thalli a consist'Mcy which Scherffel held with some jusfifieation to dis¬ 
tinguish the Haprolegmaccae and Peronosjiorales from the Ancylistales mid 
Chytndial(‘s 

In its curious emission of immotile mfeelne structures from immotile 
spoiangiospoies thi* fungus would seem to provide a filausible transition be- 
tw«»en the AchlyaAikv diplaiietisrn of Ecttogdlfi and Apkanomyn)pms, on the 
one hand, and the din’ct discharge ot immotile infective sporangiospores m 
Piota/ivus siibtltformts Dungeard (t), a parasite destructive to m'lnatodes, 
on the other. 1'he existence of such a transitional type of asexual reproduc¬ 
tion lends support to Maupas (lO) and Maire (14) iri their interpretation of 
the romcal sporangiospores of P HiilnliformiH us liodu's homologous to motile 


Kig 1 — !1 aptoglo9H(i heiertMpora, drawn to n uniform maKiiificalion with the aid of 
a ramora bieula, X 600 throughout A, 11, C, D, Nemamdew probahW referable to 
RhabditiH dohehura Behiieider, containing reapoetively 10, 6, 64, and 10 thalli of the 
fungiiH K, Nematode, referable to Vvphalnhm sp , eon taming 10 thalli of the fungus 
F, (b SpeeiinenM of AcrobdoideH biitHrJdii (De Man) Thorne oceiipied rCHiieetivcIy by 
I and IS Ihalli of the fungus, owing to lack of space F ih shown in three parts, which 
poiineet at the iMunts y and z H, Thn^e neighboring thalh a, in an early stage of trans¬ 
formation into a HiHirangium, showing two papillae of dchisecnco, b, a siKirangiura, 
partly evacuated, within which the numerous retained sfiorcs have encysted, c, a himj- 
raiigium showing in profile a papiUur orifice through which many zooH|H)ret> have been 
discharged, though a large number, too, have encysted within T, J, K, Three small 
sporangia, each showing a papilla of dehiscence some little time previous to discharge of 
spores b. Sporangium after partial cmufsioii of sp<ireH M, Dischargcnl spores of the 
usual smaller size, each of which has given rise to a lobatc infective body N, Bpo- 
rungiuin with two papillae of dehiscence: its contents showing demarcation into siKircs 
of the larger size O, Sporangium within which thnn^ simres of the larger size have 
germinated to form infective bodies P. Spores of the larger size, each with an infec¬ 
tive bodv attached to it Q, 8|K>reH of toe smaller size, showing different stages in the 
emission of infective bodies 
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zooHiH)rcs of the aquatic phycomycotOB. Indeed, the transitional type of 
sporanRiOHpore development herein set forth may have been known to these 
authors, aw Maupas took occawion to allude to ^Mes spores, 6galenient im- 
mobiles, de mon Eclrogellaf sp." I have not found any published account of 
the form to which this allusion apphed, yet os it is n'corded by his obituarist 
(22) that Maupas worked rather extensively on fungi parasitic on nematodes, 
the doubtful Ectrogvlla hjk'ck'n may have been encounb'red as a parasite on 
eelworms, and may therefore have Is'cn a fungus mlated to, or perhaps even 
identical with, the one under discuhsion. 

Achlyogeton erttophytum Schenk and A rofttralum Sor , both reported by 
Sorokine (23) as being parasitic on nematodes, differ from my fungus in that 
their thalli become partitioned into somewhat distended HCgiiMuits, which, 
though functioning individually as sporangia, remain connected with one 
another. In their development the Koospores of /I. entopkyium reveal an 
i4c/i/ya-like diplanctism, except for the difference, if Sch(*nk*s account (2U) 
IS to Ix! trusted, that the motile stage is umciliate rather than biciliate While 
Schenk’s rc'pn'sentationa relative to the number of cilia an' so much at 
variance with expectations that their eorrt»ctness has been questioned, the 
observations of Martin (15) and Tokunaga (26) have eorroborated the exist¬ 
ence of a secondary motile stage, and it seems certain, at least, that in .1 
entophytum the zoospore* protoplast does not re*rnain attached to the empty 
cyst envelope as an immotile infective body. 

Erection of a new g(Mnis, under n name compounded of tno words meaning 
“to fasten” and “toiigiK*,” is made neccs.sary by ihv curious development of 
the sporangiospoi-es in th(* j»rc\s(uit fungus. 

Haptoglossa gen nov 

Thalli Minguli vel eomplures in viva animalia ereseent(‘s, (dongato-cylind- 
rati vcl elliptici, inatiiritate protoplosmatis dense granuhisi reiileti, omnino 
sporangia evadcnti's; sporangio uiio vel aliquot tubis papillisvi* niox in- 
structo, sporas inertias exiiellente, spons inertibus a vesicula non circum- 
datiH, quisque corpus jilamim mortem infieiens proferente 

Vegetative thalli elongate-eyhndrieal or ellipsoid in shni>e, developing 
singly or m varmble nuinlx^rs within living animals, at maturity filled with 
densely granular protoplasm and in their ontm'ty lM»coining converted into 
sporangia, the individual sporangium provid(‘d with one or several evacua¬ 
tion tuIs*H or evacuation papillae*, through which ready-foshioncd spores an* 
forcibly ex|X‘ll(*d without formation of any enveloping vesicle; spores im- 
motilo and without ciha,eaeh putting forth an immotile infective body, often 
of flattened Udmte shajK*. 

Haptoglossa heterospora sp nov. 

Thalli hyahni, elliptiei vel elongato-<*ylindrati, 7 350/* long!, 4 ISMcrassi; 
sporangns 1-G humihbus papillis praoditis, |M'r I 4 ora 4-7 m lata dehiseenti- 
buH, aliiH sporas 4 Ti-Gm erassas aliis sporas H IOm crassas cieientd^us; sporis 
hyalinis, globosis vel rotundo-angulosis, corporibus infieientibus planis, 
6-1 Om longifl, a latere lobo linguhiio eurvato 3-8m longo apice* attenuato 
instnietiH 

Vcrmieulos nematoideos rnultanim spcrieriim en(*eans habitat in terra 
et bumo silvestri et matenis plantarum putn*Hcentibus in Maryland et 
Virginia et Wisconsin 

Vegetative thalli hyaline, ellipsoidal or elongate cylindrical, 7 to 360m 
long, 4 to ISm in transverse diameter, s|>orangia developing 1 to G short 
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broad papilljio of whirh 1 to 4 may bo functional in providiiiR aporturos of 
dchiNceiice iiiontly 4 to 7/i wide. SporoH hyaline, glolxiso or with rounded 
angles, those iiroduced in some sporangia 4 5 to 6/x in diameter, those pro¬ 
duced in other sporangia mostly 8 to lOg in diameter Infective bodies flat¬ 
tened, consisting individually of an axial portion 5to lOg long, together with 
a broad-bast'd glossoid lobe mostly 3 to 8g long, more or less upeurved at its 
tapering end 

Destroying nematodes of many species, it occurs in soil, leaf mold, and 
decaying vegetable materials m Maryland, Virginia, and Wisconsin 

MeUIBTAC UUM ABTEUOerKUMUM 

A conidial phyeoiiiye<'te manifestly relat(*d to the entomogenous lOnto- 
mophthoraec'ac was obsiTved destro3nng ncmatodi^s m some agar plate 
eultur<*s to which had been added pinches of leaf mold taken from deciduous 
woods near Butternut, Wis , in Sc^ptember, 1038 Among the ('clworms sub¬ 
ject to di'htruction several species Ix^longing evidently to the genera Rhab- 
(bUsj Aphdenchotdes, and Plectua could lie distinguished 

Infection is aeeomplishc'd by the fungus m question through the germina¬ 
tion of a conidium or of several eonidia attached to the integument of a 
susecfitible animal, most often toward its anterior end (Fig 2, A, B, C). 
Usually tli(‘ m(*ans of attachment is clearly visible in a sizable deposit of 
adhesivt' material between spore and integument The proximal portion of 
the germ tub(‘ -the portion most directly eorieerncd in penetration of the 
integument -is commonly set off from it^ distal eoiitinuatiori within the 
fleshy interior by yellow coloration and somewhat irregular thickening of its 
wall When the invading element has attained a length of approximately 
lOg, it widens abruptly to form a terminal sw'ollen Imdy, in which the proto- 
phusinic contents of the eonidium and infection tube then migrate The 
swollen body thereupon eoiitmui'S its devi'lopmeut by (extending itself 
lengthwise through the animal os a stout assimilaUvo hypha or thallus 
Progressive di'struetion of musculature leads to increasingly jironouneed 
disablement of the (‘clworm, and finally to its death Vi'getativi' growth of 
the assimilative hypha comes to an end only when the digestible conUmts of 
the host have been completely appropriated 

Karly in the course of an epizootic within a fx^n-dish eulturo, infection 
of nematodes by single eonidia w more frequent than infection by plural 
eonidiH Later, as eonidia of the fungus bt'eome more abundant, plural in¬ 
fection, with resultant development of two (Fig 2, B, C, D), three, or four 
thalli, tends to predominate On conelusion of their vegetative growth the 
assimilative hyphw*, with the exception of occasional small specimens, 
undergo division into a numlier of segment^?, which appear rather obviously 
homologous to the '*hyphal bodu's” familiar iii the entomogenous genera 
Empuaa and Entomophthora, Division in each instance is aecomplisbed by 
deposition of a cross wall (Vig, 2, D, b, c) and subsequent disarticulation of 
the delimited parts. The thallodle segments may be elongate-elJipsoidal 
(Fig. 2, D, o, e), or somewhat curved-cylindrical (Fig. 2, D, 6, c, g); or, again, 
may have a more irregular shape with bulging expansions (Fig. 2, D, /) or 
short diverticulate lobes (Fig 2, D, d) 

Asexual reproduction may be comsidercd to begin when the individual 
thallodic segment puts forth a hypha, about <3.6 to wide, that after 
emerging from the enveloping host integument grows through the overlying 
medium (Fig. 2, E, F) out into the air. If the host animal has succumbed 
deep in the medium, the outgrowing hypha often needs to make its way 
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through solid inat^'nal for a distance of 1 to 3 mm; whereas if the animal 
liappened to die on the surface the hypha may extend itself Into the air im¬ 
mediately, The aenal hypha or aerial prolongation, usually less than 0 5 mm 
in length, widens out jiorceptibly in its distal portion, and rather commonly 
is disposed here in a helicoid spiral of two, thre<', or four turns (Fig 3, A) 
Into this somewhat modified terminal portion of hypha is soon transferred 
all the protoplasm from tlie entire thallodic or reproductive unit Transverse 
septa are now laid down in luisipetal succ(\ssioii, dividing th(' dimsely filled 
hyphal termination into c<‘lls of ap})roximately equal protoplasmic content 
After a hud has been put forth terminally from thr* apical cell, a similar bud 
iM ])ut forth laterally in basipetal succession from each of the lower cells 
(Fig 2, G), each of the buds receiving the entire protoplasmic eontmits of 
the parent cell (Fig 2, H, I, J), and then being delimited by a basal septum 
as an obovoid conidium (Fig 2, K-Q). D(‘taehment of the comdia appears 
to ensiu* spontaneously soon after they attain full development Once they 
li(‘ on the surface of the inc'dium they are ready to adhere to any susceptible 
nematode that may come in contact with them, such adhesion then in¬ 
augurating another seipK'iici* of endoparasilie and reproductive devclop- 
mi'iil IIo\\e\<T, wdien ofiportunity for infection is not presented within a 
eiTtaiu period of tirn<*, the detached conidium gives ns(* to a K«»condary 
eomdium closely n^semhling the primary one except for its somewhat smaller 
sizi* (Fig 2, R, S, T) The secondary spore is regularly liorne aloft a few 
mienms abo\e tlu' surface of the medium by means of a dedicate filament 
often more or less prostrate m its proximal portion, but ascending or erect 
in Its distal portion Through development similar to that whendiy it origi¬ 
nated a s<»eondary eomdium may in turn give ris(» to a tertiary one (Fig 
U) 

Fre<iuen11y a thallodic segment, inst(‘ad of putting forth a comdiophorous 
filament, forms a resting spore By continued enlargement of a vacuole at 
each c*nd of the segment (Fig 2, D, b) the granular matiTials are brought 
U)g(‘ther into u glolsisi* mass, which then lays down tw^o somc*what convex 
end w'alls to form a siibspherieal cell (Fig 2, V) 'Hie density granular con¬ 
tents of this c(‘ll now are eoiiverted into an endogenous spore that is provided 
with a separate wall of its own This wall appears prominently sealloped in 
l>rofiIe, and only lather loosely surrounds the eoars(*ly granular sulwpluTieul 


Fig 2 -Mirttflacrum aslvronpermum^ drawn to a uniform maffnification with the 
aid of a camera lueida. X 1000 throughout A, Hiweimen of Flrctnn comtnunts Dtitachh 
Hhowing early Htiige of infeetion by a germ-tube from an adhenng eomdium R, An- 
U*rior portion of a KiM^eimcii of Uhabdtttn dohehura with two adhering coiudia, one of 
which haH given riHe to a growing vegetative thalluH in the animal C, PanvHitized 
nematode, possibly referable to Aphelttichotdes sp , tho contents of which have been 
almost eompletidv appronnatod by two thallii 1), Portion of a specimen of R do- 
Itrhura containing seven t hallodic segments of the fungus, a g, one of these segment's, 6, 
w'hieh IS not yet separated from its neighbor c, shows an early stage in the development 
of an lizygosporc. the other segments, a, c-|7, subs4muently put forth conidioimoroiis 
filamonts F), Thallodic segment from which a cnnidophorous filament is being put forth. 
K, Thallodic segment (with envelop of empty spore attached) likewise with an elongat¬ 
ing conidtophorouB filament Ci, SiMiriferous termination of conidiophoroua filament, 
showing basipetal deposition of septa, and early stage in the budding forth of conidia 
from the delimited cells II, I, J, Ijnter Htages in formation of conidia K-Q, Disarticu- 
ifited primary conidia R, Pnmary conidium in process of producing a secondary co¬ 
nidium U, Empty envelopes of a iinmaryandu secondary conidium shown attached to 
a tertiary conidium V, Bame thallodic segment as D, but at a later stage, showing de¬ 
limitation of tho sporangial cell within which an nzygosnoro is to be produced W-Z, 
Mature az>guspores, each within its sporangial wall. 
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protoplast, in which, on advancing maturity, a homogeneous central reserve 
globule may be distinguished (Fig. 2, W-Z). 

With respect to the disposition of the membrane and contents of its resting 
spores the fungus shows striking similarity especially to the members of the 
genua Endocochlus (7), in the Zoopagaceae Although in the few known 
apecies of Endocochlus the resting spores are always formed as a result of 
sexual union Ix'tween iKirtions of separate thalli, development of azygoapores 
in a manner inviting coinpanson with the fungus under discussion is present 
m at least one member of the Zoopagaceae, namely in Zoopage cladospcrnia 
Dn'chsler (7) llesemblanec to the genua Endocochlus is (*xpross(*d also in the 
production of conidia by individual s(*gments dc^limited through disposition 
of cross walls in aerial hyphoe This parallelism in asexual reproduction may 
wt'll l>e of tuxonoimc significance despite some divcrgenct' in outward 
morphology apjmrent not only in the widening of the sporifi'rous UTinma- 
tion, but also m its helicoid modification The fungus under discussion shows 
further similarity to many endoparaaitic Zoopagaceae in the frt'quently 
rather extended migration of its protoplasm from deeply immersed thallodic 
segments to the aerial tcrimiiations of its coiiidiiferous hyphac. 

However, if the granular consistency and ready mobility of its protoplasm 
are considered togc'ther with the division and disarticulation of its vegetative 
hyphae into disconnect<‘d segmemts, the fungus aiipiuirs more intimately 
akin to the Kntoiiiophthoraceae than to the Zoopagaceae. The mdotiTmiiiate 
elongation of its conidiophorous filaments finds a close parallel in the mde- 
terminati' exbuision of external hyphae from the intramatncal mycelial 
segments in species of Ancyhstes, a genus recently shown by Berdan (2) 
to Ik* properly referable to th(* Kntomophthoracene In their obovoid shape 
the conidia of the fungus reveal a very obvious similarity to those of many 
species of Empusa and Entofnophthora Often, besides, a fully devclo{x*d 
conidium was s<*en to be attached to a dome-Hliaped protrusion of the 
parent cell, and the denuded empty conidiiferous cells were nearly always 
found badly coIlaps<*d, much like contdiophores of Comdtoholus villosus 
Martin some time afU'r th(»ir energetic discharge Although these di*tails 
indicate a parallelism with the genera m the Entoinophthoraceae know'ii for 
th<*ir forcible projection of conidia, 1 did not succeed in demonstraiing that 
the fungus under discussion likewise discharges its asexual spores forcibly 
It seems probable, however, that the primary conidia arc actively propelled, 
though with much less violence than m species of EmpusOj Enlomophthora, 
and Comdtobolus, The secondary and tertiary conidia are almost certainly 
never shot away, but are produced and held in slightly elevated positions, 
wh(*re opportunity for contact with nematodes giv(*n to surface locomotion 
api>eurH especially favorable 

In the Eutomophthoraceac the fungus is distinguished from those hitherto 
made known by its production of plural conidia, for the most part laterally, 
on a multiseptate conidiophore. It is accordingly described as the tyjx* of a 
new genus of that family A term compounded of two words meaning 
“divided” and “tip” respectively, is deemed an appropriate name for the 
genus. I'hc sculpturing of its azygosport* w'all suggests for the fungus a 
specific epithet made up from two words meaning “star” and “seed,” rc- 
spi'ctivcly. 

Meristacrum gen. nov. 

Hyphae assumentes intra animalia viva crescentes, simplices vel non- 
nihil ramosac, primo continuae, postca—anirnali emortuo et came ejus 
consumpto—in aliquot parU*s se difiindentcs, his partibus disjunctis aut 
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hyphas fortiloH omittcntibun ant Hporas pcrduranti^H (zygnsporas vol azygo- 
sporas) KiRnentibus, hyphin foriilihiiM in acn* ho porriRontibuH, Hursum proto- 
planmatis repletis, ibi pnmo oontinuiH, doindo tranavcrso multiHoptatis, ox 
quaque cellula oonidmm iiroferontibns. 

Vegetative hyphoo developing within living animals, simple or somewhat 
branched, at hrst continuous, later (aftiT death of the animal and exhaustion 
of its fleshy contents) often dividing into disjointed s(*gmenls, which cither 
put forth conidiophorous hyphae or give rise to resting Hi)oreK (zygosporcN or 
azygOHporoii); the individual conidiophorous hypha extending some distaiUM* 
into the air, in its densely filled terminal portion becoming dividt'd by trans¬ 
verse wpta into a number of ciOls, each of winch then produces a singli* 
conidium. 


Meristacrum asterospermum sp nov. 

Hyphae a«aumenteH hyalinae, simphees vel parvulum ramosae, sa(*pius 
longae, 5-12/i crassoc*, in articulos disjonctos plernmqne 25-(>0^ 
longOH se diffindentes; quoque articulo mox utnmque rotundatu, aiit unam 
hypham fiTtih^ra emittenU* aut unain azygosporam giginnitc; hyphis fcrtih- 
buH saepe 0.5-3 mm longis, 200-5(M)/i in acre sc porrigt'ntibus, parte propiore 
saepe iinmt'rsa 3-5/x crassa mox vacua et sparsum septata, parte ulteiiore 
aeria saepius in spiram levcun eontorta, 6 9/i crassa, pnmo proloplasiuaiis 
repleta, continua, deinde in 5-15 ce|]ula.s 4 20/i longOH divisa quae singula 
conidia proferunt Conidiis hyalinis, obovoidms, pleriimque 8-1 l/x longis, 
6 Hfi crassis, modo smgulas hyphas gerrninatiotiis circa IO /4 loiigos, 1 5/1 
crassaa m v(*rmi(‘ulum nematoideiim intrudentibus, modo quoque unum 
conidium ordinis secundi ex hypha germinalionis assurgmite 5 IO /1 longa, 
bosi circa 2/i (‘t apice O. 8/1 cnissa ferente. Azygosponis hyalinis vel fla\i- 
duhs, globoHis, circa 15 20 crossis, maturilate membrana late verrucosa 
vel undulata cellulam viventem sphacroideam ll-14/i crassani laxe eircuin- 
dante 

Vermiculos nematoideos (uiccans habitat 111 hunio silvi'stri projie Bulter- 
iiut, Wisconsin 

Vegetative hyphae hyaline, simple or slightly branclu'd, mostly 50 to 500/i 
long, 5 to 12/i wide, when w^ell developed dividing into segments 25 to GO/i 
long; the thallodic segments liecoming rounded at their ends, each imtting 
forth a single conidiophorous filament or giving rise to a single azygospore. 
Conidiophorous filaments mostly 0 5 to 3 mm long, usually extending 200 
to 500/4 into the air, the proximal jiart usually 3 to 5/4 wide, soon Ix^coming 
empty and Ke]ilate at long intervals; the distal prolongation, often (3 to 9/4 
wide and noticeably disposed in a helicoid spiral, becoming divided through 
basqKdal deposition of transverse cross walls into 5 to 15 cells, mostly 4 to 
20/4 long, each of which by budding gives rise to a singh' sessile, hyaline, 
obovoid conidium, 8 to 11/4 long and 0 to 8/4 wide Conidium after disarticu¬ 
lation often adhering to a nematode, then thrusting into it an infective germ 
tube, about IO /4 long and 1,6/4 wide, w^hieh develops into a vegetative hypha; 
or, failing to adhere to a nematode, giving rise on an ascending sporophore, 
6 to 10/4 long, 2/4 wide at the base, and 0 8/4 wide at the tip, to a somewhat 
smaller secondary conidium Azygospore loosely contained within the wall 
of its parent coll, colorless or slightly yellowish, subsphcriral, 15 to 20/4 in 
diameter, its pronouncedly undulated wall loosely enveloping a subspheneal 
protoplast 11 to 14/i in diameter. 

Parasitic on nematodes it occurs in leaf mold in deeiduous woods near 
Buttcniut, Wis. 
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Cepitalospohium sp. 

A funKUH HiibHiHting on oolwonns, yot hardly dpwTviiif^ to \h' fonsidorod 
cithcT pH'dacrous or viKorously panisitir on theHC HinrniilN, won observed in 
a few neinatode-uifested hkhp (■ultun's to which had been added some pinches 
of partly decayed tobacco leaves (Nicottana tabacum 1-.) from a greenhouse 
near Beltsville, Md In thesi* cultures it apparently obtained its nourishment 
exclusively from speciinenH of FUriun commums Biitschli and P pnrvm 
Bostian that had iH'coine disabled as a result of exbmsive infection by a 
protozoan endoparasitc' producing minute subspherieal spores. VVIkmi a dis- 
ablc'd animal was halted near mycelial hyphat* of the fungus, these hyphae 
would svnd out one or several branches, which soon iierforated its inU'gument 
and intruded a corn'sjionding numlMT of haustorial elements (Fig 3, B, C, 
D) In most instance's of plural iK'iietration only one or two of the haustorial 
eleriK'nts attained extensive development, apparently because the fleshy 
contents of the* e'clweirm had alrt'ady in large part been appropriated by the* 
protozoan Similar restriction of hyphal dovelopim*nt within nemateieles 
disnbl<*d and partly exjiropnated eif e'ontents by a preitozoan parasite was 
iieited e*ar]ier in my account (10) of the fee*bly predaceous T?ificntana 
docilyroideH Drechsl 

Although Its general habit re*calls that eif the more d('lie*ate spi'cu*s m the 
predaceous senes of hyphejmye*efes, the fungus at pre*scnt can neither Ik* 
definitely assigne*d to nor exclud(*d from that seru's Its mycelial hyiihae vary 
from I to 3 m in width In adelition to branche*s of indetenmnale length, th(*y 
bear here and there sheirt spurliko branchi's that an* e>ft(*n more or less 
appn'SM'd to the parent filament (Fig 3, B, a) Ordinary cross walls occur 
m the mycelial hyphae at modc*rale intervals, and are Hut)plc*m(*nl(*d liy 
curiously oblupH* partial septa, w^hich sometimes appear alone (Fig 3, 1), h), 
and at other times occur united to paitial cross walls (Fig 3, D, a, c) In¬ 
fective blanches are often noticeably stouter than the filaments from which 
they ans(* The haustorial hyphae are often wider m their proximal portions 
than in their distal prolongations 

Hyaline cllijisoidal spores, commonly 2 5 to 3 m long and 1 5 to 2 m wide, 
an* t)rodue<*d by the fungus on tapering brancli(*s, mostly 1 5 to 4 m long, and 
1 to 2 m ^Mde at the base Owing, perhaps, to refiealed dusturbance by nema¬ 
todes, thes(* spores, when develojx»d on the surface of a culture, show only a 
very pronns(‘uous arrang(*ment (Fig 3, K), wlu'reas in subiru*rg(*d and con¬ 
sequently Ixitter prot(*eted positions they are found in capitate clusters 
numlienng ten to twenty individuals (Fig 3, G, F). They have never been 
observi'd to infect n(*matodcs, y(*t their small size would s(*(*m to make them 
incapable of giving rise to niyci*lia of such extent that disabled eelworms 


Fig 3 —Drawn to a uniform magnificutiou with the nid of a camera lunda, X 1000 
throughout A, HponfrrouH termination of a coiiidiophorouM filament of Menatacruvi 
cutteroapermum, showing its distal disposition in an extended helicoid spiral B, Speci¬ 
men of Floclua commuma which, after its disablement by a protozoan parasite, is being 
invaded besides by two hyphae of Cephaloaportuin sp ; a, a short epurlike hyphal 
branch C, Another disabled specimen of P eommumn, mnetrated by five hyphal 
branches of Cvpkaloaponum sp U, Specimen of F. part^us Bastian, disabled by proto¬ 
zoan parasite and then further invod^ by a branching filament of Cephaloaponum sp ; 
a-e. three oblique partial septa Superficial bypha of Cephaloaponum sp with sev¬ 
eral Hpure-producing Htengmata F, Cl, Hubmergea filaments showing olustera of spores 
at the tips of lateral sterigmata (Owing to lack of space, A is shown In two parts, which 
are connected in a. The small sketch, m which tne lower portions of the successive 
turns are stippled, is intended to show more clearly the direction of rotation in the 
hehcold termination ) 
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miRhi l)ccoin(' h likoly hohtoo of nounHlimoiit Thcao circumstanceM auggowt 
that the CrphaloHponum hta^e present may constituU* an a(*<*(»H«()ry 
n»produetive phase in the development of the fungus, rather than its main 
eonidial phase 
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BOTANY.—Atropellis species from pine cankers in th» United States.' 
Al. Tv. IvOhman, Indiana UniverHity, and Edith K. Cash, U. S. 
Bureau of Plant Industry. (Communicaled by John A. Steven- 
aon.) 

INTRODUCITON 

In various areas of t,he United State.s certain dei‘mateaceou.s or 
tryblidiaceous bingi occur in association with twig or stem cankers of 
one or more specie.s of Finns, most frequently of species of hard or 
pitch pines (subgenus Dtploxyhn Koehne). Those di.seuscs, rt*cently 
summarized by Boyce (1), have attracted the attention of pathologi.sts 
only during the past 25 years. 

The first \vn.s reported in 1921 by Weir (11), who described Cenan- 
giurn ptniphilum as a new species a.ssoeiated with stem cankers of 
Finns cnnlorla Loud, and F. ponderosa Lawson in Idaho and Mon¬ 
tana. v\t that time Overholts (8) had observed cankered twigs of P. 
rigtda Mill, in Pennsylvania, and later in the same State .similar can¬ 
kering of P. pungens Lamb., and considered the fungus associated to 
be a species of Crutnenula, one possibly identical with C. pinicola 
(Rebent.) Karst., whieh has been n*ported (5, 7) as pathogenic to 
pines in Europe. Subsequently, Zeller and Goodding (13) described 
Atropellis pimcola as a new species in association with branch and 
stem cankers of several species of pine in the Pacific Northwest. They 
allied the fungus with Scleroderrts Ireleaaei Sacc. of v\laska in a new 
genus, Atropellis. 

In 1932 specimens of Atropellis canker collected on Finns sylvestns 
L. near Portsmouth, Ohio, and near Mount Alto, Pa., were re¬ 
ceived by tlie Division of Forest Pathology, U. S. Bureau of Plant 
Industry.* The following year an investigation of the disease wa.s un¬ 
dertaken by the Civihan Conservation Corps, in cooperation with the 
Forest Service and the Division of Forest Pathology, and from the 
held surveys made approximately 500 collections of canker fungi ac- 
ciucd. The writers have had the opportunity to classify these speci¬ 
mens, which are largely from the Eastern and Southeastern States 
(2, 3). The present paper is concerned with the taxonomy of speci¬ 
mens representative of the various susceptible hosts in these areas, 
studied in comparison with authentic specimens of the canker fungi 
in the Western States. 

> lioocLved Docemher 13, 1039 

■ Ci>lleotionB by Dr Curtis and Dr L. W R Jneknon, rospcctivoly; uUo ro- 
porlH to the Division of Forest ratholofcy by Prof J H Bovee us occurring on P 
and P refitnona Soland in Massachusetts and New Hampshire 
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TAXONOMY OF SPECIES ON PINES 

With respect to the previously mentioned so-called Cenangium, 
Cnimcnula, and Atropelhs cankers in the United States, which are 
characterized by a grayish-green to blue-l)lack coloration of the wood 
(Fig. 1, c) beneath each lesion (1), the causative fungi seem to be suf¬ 
ficiently closely related to be properly considered nilhin a single 
genus. In some features, particularly the roughened cxciple and the 
elongate, septate spores, the species here referred to Alropellia re¬ 
semble tho.se of Crumenuln described as occurring on pines in Europe. 
The latter, however, are characterized by Rchm (9) and Tjagerberg 
(7) as having the apothecium with circular opening, entire margin, 
pale hymenium, and long, fine excipular hairs. The American fungi 
differ from Crumenula in the furfuraeeous exciple, .stellate or irregu¬ 
larly lacerate aperture, and blue-black epithccium, as well as in the 
tyjie of canker produced and the characteristic discoloration of the 
host tissue by the mycelium. In,their clavate to elongatc-fiisoid as- 
cospores the species arc suggestive of Sclerodems as used by Karsten 
(0) and llehm (9) but are dissimilar with respect to paraphyses, aper¬ 
ture, and exciple. It has been suggested that a possible relationship 
exists between these .species and S. bactlhfera (Karst.) Sacc., a.s men¬ 
tioned by Zeller and Goodding (13). This fungus, however, as reprt*- 
.sented by Knrsten’s Tympams banllijcra (Fung. Fenn. 750, Cent. 8, 
1868, in the Farlow Herbarium, Harvard University) on bark of 
Picea (“granbark”) has smooth, patellale apolherta, which conform in 
gross and microscopic features to the description by Karsten (6, cfr. 
Saccardo, Sylloge Fung. 8 ; 595) and, except for arrangement of spores 
to that by Rehm (9). In the writers’ preparation of F. Fenn. 756 
ascospores are 0- to 5-septate, 22 -36 by 3-3.5 m, subspirally overlap¬ 
ping, with three or four in the apex of the ascus. 

It seems advisable, therefore, to recognize Atropelhs as a distinct 
genus for the species associated with pine cankers in the United 
StaU's, with certain revisions of the genus and species as described by 
Zeller and Goodding (13, p. 561) for pines. 

Atropellis Zeller and Goodding, emend 

A|>otheeia erumjx'nt, externally furfuraeeous and brownish to black, 
fleshy coriaceous, single or ceBpitose, sessile to substipitate, cupulate to 
patellate, laeiniatcly dehiscent, hymenium coiicolorous, bluish black or 
lighter, asci clavate, 8-spored; spores fiisoid to narrow cylindrieal-clavate, 
hyaline, continuous, then 1- to 3- (rarely 5-) septate; paraphyses hyaline, 
septate, simple or branched, exceeding tne asci, end cells equal or slightly 
sw’ullen, forming a colored cpithevium, agglutinated below and granular 
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eneruHtrd above by yellowish-brown, pinkish, or violaceous excretion; 
hypothocnim typically thick, subtended by a hyaline medullary tissue, ectal 
layer dense, dark, furfuraeeous 

Cunidial stromata, where known, of similar habit, U'xture, and color; 
fertile cavities variable, usually coalescing, the pustules dehiscent by one or 
more pajiillulae, conidiuphores simple or subverticillately branched; conidia 
minut^', acrogenouH, bacdlar, continuous, hyaline. 

In each of the' following species the pinkish or violaceous material in and 
above the hymenial tissue of both eonidial and apotheeial fructifications is 
rt'adily dissolved by sodium or potassium hydroxide* solutions, which arc im¬ 
mediately colon^d greenish or bluish If a hydroxide solution is used os a 
swelling agent in microsco|)ic preparations, the cytoplasm of young asci and 
ascospores appears grei'insh rather than hyaline Ov<*rholts (8) descnlies 
this reaction in his account of the fungus as.socmted with the canker of 
PmuH pungena, presumably thc' second of the following species. 

Atropellis pinicola Zeller and Goodding Fig 2, A-B 

Zeller and Goodding (13) record A ptmcoUi on Ptnus roTitarUi Loud and 
P. lambcrtiana Dougl. in Oregon, and on P moyUtcola I) Don in Oregon, 
Washington, Idaho, and British Columbia. Zeller (12) also reports the 
HjM'ciCh on P larnhvrtiana in Cnhforma and on P sirobus L. in Oregon 

AlropiiltH ptntcola differs from the thn^e following species pnmanly in its 
longer and narrower spores, which Zeller and Goodding, upon the exanniia- 
tion of numerous specimens, record as “32-03X1 5-3 5/* (average 40X2jUi),'' 
and in its more frecpient oeeurrence on soft pines 8|)eeunens examined by 
the writers have spores typical in size and shape, although not uniformly 
l-celh'd as originally dosenbed, but frequently 2- to 4-celJed, and occasion¬ 
ally (U*(*lled ® The paraphys(\s are septate, simple or forked, with the tip 
cells (‘(jiml, or swollen and up to 4^ in diameter. The eonidial fructifications 
and cunidia observed conform to the descriptions under the succeeding 
species (Of 12, p. 104 ) 

Atropellis tlngens sp nov Fig. 1, B, C, F-H, Fig 2, C-Ji 

Apotheeiis si^ssilibuH vcl substipitatibus, ex eortiee erum|)entibus, sub- 
glolmsis deiii patelliformibus, cormeeis, 2 -3 mm diam , furfuraceis, atns, 
inargine laeiniato, hymemo atro-eoenileo, asris elavatis, longe pedicellatis, 
octospons, (70) 90-110 (150) X8-10 (14)/x; ascospons 2-3-spriatis, anguste 
fusiforrnibUH, rcctis, curvatis vel sigmoideis, (20) 24-40 (40) X (2) 2 5-3.5 
(4)g; paraphysibus simplieibus raraosisve, apice inenistatis, iqntheeium 
atro-ciHTuIcum fonnantilms, hypothecio brunneo, strato int(>rion* hyalino, 
cortiee denso, alro, rugoso; fruetibus eonidieis pustulatis, atns, furfuraceis, 
phcatis; coindiophons ramosis, 35X1 5g; conidns bacillaribus, eontmuis, 
hyaliniH, 4 8X0 5-0.7ju. Hab in rortice ramorum vivorum Pini. 

Apothecia sessile to substipitate, single or gregarious, erumpent through 
the bark of cankered areas, often eoneentrieally arranged, subglobose when 
young, expanded to cup-shapi'd or patellate, contorted or compressed when 
crowded, opening by irregular splitting, coriaceous, 2-3 mm diam , extx'nor 
black, furfuraeeous, margin laciniate, incurved, when dry often hysleroid 

* SpecimcnH examined Oregon Agr, Coll. Ilcrhanum no 4877 (court^ny of 8 M 
Zieller): nos 11104, 1636 (ex type), 1670, 1968, and 1969 In the herbarium of J 8 Boyce, 
Yale Lfniversity; Forest Pathology nos 86401- 86406; Mycological ColleotionB, iJ 8 
Bureau of Plant Industry, nos 60606-66567, 71100-71104. 




Fig 1—(Soe opposite page for explanation) 
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in form, hymcnium bluo-blaok, pruinoae. Awn clavato, long-pcdioollate, 
apex rounded, 8-Hpored, (70) 90-110 (15O)XH-10 (14)/*, spores irregularly 
2-3 senate in the upi>er part of the ascus, slender fusiform, broadest near 
the ajicx and taponng below,straight, curved or sigmoid, hyaline, continuous 
then 1-3 (rarely ^5) septate, (20) 24-40 (40) X (2) 2.5-3 5 (4 0)/*; jiaraph- 
yses sometimes simple, more frequently branched and slightly thickened 
at the tips, septate, subhyaline, granular-encrust(*d, forming a dense 
purplish- or bluish-black epithecium Hypotheeial layer 20-25/* thick, 
brown; underlying tissue of fine, loosedy inti^rwoven, hyaline or subhyaline* 
hyphoe, forming a layer 70-1 lO/i thick, cortex 30-100/* thick, very dense, 
black, rcfugheiH'd on the outer surface by clumps of thick-walled, brown, 
closely septate hyphoe. Conidial fructifications pustulate, erumpimt, black, 
furfuraceouH as in the apothecia, irregularly charnlHTed or fold(*d, the folds 
lined with branched conidiophores 35X1 5/*, conidia borne at the tips of the 
branches, bacillar, continuous, hyaline, 4-8X0 5 0 7/*. 

On cankered twigs, branches and small steins of Ptnus banksiana Jiainb., 
P cartbaefi Mor(*let, P clausa (Engelm.) Sarg., P dtnstflora Sieb. & Zucc., 
P, cchtnala Mill, P nigra Am , P ptnaHler Ait, P pungens l^mb., P re- 
stnosa Soland , P rtgida Mill , P, ngida var 8miOaa(Michx ) Loud., P stro~ 
husL (infrequent), P taeda L. and P inrgtmana Mill, from New Hampshire 
to Florida, west to Ohio and Arkansas (2, 3). Type specimen: DiUer 24 on 
Ptnua ngidUy Camp Roosevelt, George Washington National Fon'st, Va , 
June 12, 1933.* All of the s|>ecimens on Ptnus strobus wctc obtained near 
Mount Solon, Va 

The oscospfin's of this sjiecies are regularly shorter and broader than those 
of Atropellis ptmcola, averaging approximately 30X3/*, but of the same de- 
gre(‘ of variation With n'spect to a single apothecium, spores in general are 
less variable in width than in length When relatively broad ascosport's are 
encountered, they arc of (he shape* charactenstic of the species and average 
consideralily longer than those of the next succeeding spi'Cies. 

The swcimens examined show that apoth*»eia with mature sport's may be 
found throughout the year, as Zeller and Goodding note for Atropclhs 
ptmcola. Yet much sterile material is encountered among samples from the 
surveys and among the wnU'rs' casual eolleelions made during all seasons of 
the year Poasiblo |>orennial sjionilation on living or weakening twigs and 
stems IS suggested by the arrung(*meiit of (he apothecia and di'grces of de¬ 
velopment on cankers of long standing. 

While this species is suggestive of AtropeUxa pmtrola in the shape and ar¬ 
rangement of the ascosporcs and of the following siiecies in its general oc- 
rurr(*nec on hard, rather than soft, pines, it is clearly intermediate to the 
two with rc'gard to spore siac 

• The type and other rcpprcHcntativc Hiiecimens are dpix)Hited in the Mycological 
Collo 4 *t]onfl, V H Bureau of Plant Indiwiry, nortionn of the type and Heveral other col¬ 
lections are also in the Karlow Herbarium of Harvard University and the herbana of 
the Now York Dotanical Garden and the University of Michigan 


Fig 1 —A-B, Soven-weeks-old cultures of Alroprlltn on malt agar medium, kept at 
room temi>crature A, Alropelltt artzontca from Ptnua ponderoaa, B, A itngena rc- 
iBolated 21 months after Pinua echtnala was inoculated with a culture from P carthaea 
C-H, AtropeUxa on various pines. C, A txnpena on P pungrrut, North Carolina, D, A 
ptnipktla on P, ponderosa, Idaho, E, A artzonxea on P ponderoaa, Arizona, F, A Un~ 
gena on P aylvealna, Ohio; G, A iingrna on P. taeda, Virginia, H, A txngeua on P. pin¬ 
aster, North Carolina Figures A-H, X2; all photographic negatives by M L F. 
Foul>«rt 
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The specieH rfowh very slowly in eultures held at room temperature, pro¬ 
ducing uni'ven, elevated, black, compaeted or loosely stromatie surface mat^i 
of irregular outline and with scattered and marginal, fine grayish to viola¬ 
ceous tomentum on potato-dextrose and malt agar media, and less crumpent 
colonies with black subsurface myeelioid margins on corn meal agar Identi¬ 
cal colonies w('n* obtained from pJuntmgs of infecU^d wood of various species 
of pines The eonidml stage de\eloped in irregular, convoluP*d areas, was 
ol)serv(*d in isolation^ from Ftnutt bankmana i^aml), P canbaea Morelet, 
P vckinoia Mill , P. ptnasbr Ait., and P. pnngcnti Fjamb., 

Atropellis piaiphila (Weir) comb, nov Fig 1, D; Fig 2, M 

Ah mentioned above Weir (11) reports this fungus as Cenangtu^n pint- 
phtlum on Ptnus contorta and P. ponderofta in Montana and Idaho More 



Fik 2 AsroHiKirpH of four HpociOH of Atropellia X600 A, A ynmcola on IHhuh 
monitrolaj OroKon, B, same on P cotilnrfa, Orogoti; C L, -1 tingmH on vnnoiiK piiieti ui 
thi* E.iitcrri Htalcs (PtHUft tftrgtnianfij /«#//«, pangens^ caribneti^ hanksxana^ 

erhtnala, rigitla^ remnosa, unci ntrobas, rcspcctivrh), M, 4 pxniphila ou PtnM« coaiorla 
(type Npcoiniun); N, A aruantra on i^tnun pomiirum 


recent accounts (1, 12) indicate its further oeeurnmee in the Pacific Coast 
State's on these hosts and on P alincauhs Engelm , and (4) in Arizona and 
Ne^\ Mexico on P ptmderona Specimens examined in the pnwnt study add 
other hosts and extend the range of the species to New Mi'xico and stations 
in the Southeast “ 3'he sp(‘cies occurs on both soft and hard pines but in- 
frt'quenlly on the former 

The ajiothecia arr* as characterized for the genus, with the hymemum 
bniw'iiish to black, averaging somewhat larger than those of the* two preced¬ 
ing spt'cies. 'riie asci are longer and broader, measuring (100) 120-135 
(170) X10-15/1, and the tendency for the spores to lx* clumped in the upper 
end also obtains in this spt»cies, with the upjier tw’o to six spori's biseriate 
overlapping. Paraphyses are septate, simple or branched, with the tip cells 

• Si>cRiraonH examined Wcir 2531 (l*><'alitv unknown, probably Diikotan), on Ptnun 
bartkatana Lamb : IVetr 2524 and 2026 (Idaho). 2625 (Montana), 2627 (WaHhington), 
and Forest Pathology 14073 (typo) and 165:42 U<laho), all on P contorta T.oiid: Wetr 
25:43 (Oregon), P jejfreyt “Oreg Com Wnr 2528 (Idaho), F P 89367 (»tU A ISllts 
(New Mexico), P ponderosn TiOwson, Wnr 26:40 (Alatiama), P taeda I.—all m Myco- 
logieal CollectiunB, V H Bureau of Plant Industry, Boyce 760 (ox-type), and 1659 
(Idaho), P monlicola D Don -Horbarmni of J 8 Boyce, Dtller 31 i (Tcnnciwce), 
P. vtrgimana Mill —courtoBy of J D Dillcr 
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equal or Hwollen. The hymenium in secfion shows the purplish tints ehar- 
act(TiHtic of Hi>ocies of this group. Aseosporcs are olliptieal-fusoid, with ends 
rather acute, straight or subsigrnoid, and measure (14) 16-22 (24)X(3 5) 
4-5 (5 5)n, averaging 18X5/z m the typo 8p(»cimen While Weir describes and 
illustrates the sport's as I-celled, 1- and 2-tM»lled spores occur in half of the 
spt'Cimens listed herein, including the typo The eonidml stage' olwerved in 
association with ajxithecia (Boyce number 1659) is morphologically identical 
nith that of A, ttngens 

Sydow and Petrak (10) determine this fungus as Cniangtum fannawnn 
(Pers.) Itchm, which occurs on branches of PmuH sylvcslnn in Kuro|>e, 
making particular note of the coloration in the hymenium (^Taraphystui”) 
and ejnthecium Rehin (9) notes that m this ri'spect C. farinncmm differs 
from other h|M'cies of Crnangium The acenunis, how(*ver, do no! indicate 
that the lOuropean fungus is imthogenic or that it discolors th(' wood. On the 
biisi.H of Rehin’s d<*scription C fannarrutn has smaller and shoMer and 
broader, 1-celled spores, which hav(* obtuse rathci than acute ends What¬ 
ever flu' relationship b('tween tht'se fungi may Im', the American s|K*riinenH 
can not Ik* identified as Pezna pitnrola beta carnprima of Fries (Sysl Myc 
2: 1111, Pcziza fannaoca Pers , Syn Fung , p 672), which in the s[MM‘imen 
distributed by Fries (“294 Peziza fannaccit b Syst Myc in the Farlow 
Herbarium, Harvard Uiii\(‘rsity), sIiown numerous flatlened, smooth, black 
and .shining upothecia up to 0 6 inm broad when dry, occurnng .singly or 
clustered on a large shc'ct of bark sufficient to indicate that fruiting was not 
associated with a canker condition Theiefore, the synonymy (hat Sydow 
and Petrak suggest is considc'n'd untimable 

Atropellis arizonica sp nov Fig 1, A, h], Fig 2, N 

Apotlu'ciis substipitatibus, ex cortice 011111111011111 ) 118 , subglobosis dein 
exiiHiisiH, conaccih, atris, 1 2 25 mm diain., furfuraceis, margine undulato, 
lacinato, imurvato, hyinenio pruinoso, atro-coenileo, ascis cylindnco- 
clavalis, apice obtusis (90) J(K)-12()X9-1 Ig, ascosporis 2-3-seriatis, el- 
hptico-fusoideis, rectis vc'l Mibhiginoideis, contmuis vel l-H-sejituli.^, (20) 
24-28 (32) X (4) 4 5-6 (7)g, piiraphysibus filumentosis, septal is, ramosis, 
hypothccio bruniii'o, strato intenore hynhno, cortice crasso, atro, rugoso, 
fructibiis conidicih pustulalis, nigns, conidiophoris ramosis, 12-20X2/x, 
conidiis bacillaribus, hyahnis, coiilmuis, 4 -(iXl-15g Hah 111 cortice 
rumoium vivorum Pini 

Apolhecia substipitate, erumi>ent singly or in groups of two to three,scat¬ 
tered over bark of canken'd areas of the host, subglobose when young, then 
('xpanded and patellntc*, sometimes irn'gularly contorted and compressi'd 
when crowded, leathery, black, 1 2 2 5 mm diam , cxti'nor furfiiraccous, 
margin undulato, lacmiatc, incurved when dry, hymenium pniinose, blue- 
black Asei cylindrical-clavate, obtuse at the ajiex, gradually attenuated 
toward the base, S-spiuvd, (90) UK)-120X9-l4/i, spores irregularly 2-3- 
seriate in the upiicr part of the ascim, 1-2-seriato below, eUiptic-fusoid, 
straight or subsigmoid, tajK'ring at Imth ends, eoniinuoiis to l-3-HeptHto, 
equal or slightly constrict'd at the central w'pUim, (20) 24-28 (32) X (4) 
4 5-6 (7)g, paraphyses filamentous, septate, branched almve, the tip cells 
equal or swolkm, dibit' pinkish in mass, covered by a dense* blue-black 
cpithecium. Hypothecium brow*n, 45-65g thick, inner layer of tissue 100- 
]5()g thick, of looflcly intcrw'oven, subhyalino hyphae; cortex 100-250/* 
thick, black, dense, extonor roughened and covered with loose clumps of 
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dark, cluw'Iy M'ptatr hyphao. Conidial fruitn puHtuIatc, black, furfuraccous 
as it) the apothcria; ronidiophurcs siinplr or hranclicd, pale violaceous in 
mass, 12 - 20 X 2 / 1 ; conidia bacillar, hyaline, roiitinuous, 4 6X1-1 6/1 
On sloms of Pinus pondcrom J^awson, Hospital Flat, Safford, Ariz, 
September 22, 1934, D .1 Stouffer 

1 'hia species is known only from the locality of the type speeiineii, which 
was obtained at an elevation of 9,000 feet. It is closely allied with A. 
ptntphtla but has longc;' and broader siwres, in their form siiKKchf ive of cit- 
tain species of CrumcJiula on pines in Europe In enlliiral aspects the species 
rest'mbles A Hngens. 1'he conidial stage W'as obtained m cultures from iso¬ 
lated groups of oscospon's discharged upon plates of nutnent agar. 

SUMMARY 

The genus Atropellis is revised to include along with A. pimcola 
Zeller and Goodding, of the Pacific Northwest, two new species, 
naincly, A. tingens and A. amonica, and Cenangiumjnniphilum'W^ir, 
all of which cause chnractcnstic cankers of pinc.s. Of these A. tmgens 
is of widest occurrence, on vaiious species of native and introduced 
pines in the eastern half of the United Stales, and A. am&mca is 
most limited in distribution, being known only from the type local¬ 
ity, HalTord, Arizona. lOach of the species produces a localized, dark 
stain of the wood in cankered twigs or stems. 
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ENTOMOTjOGY.— New genera and species of lady-beetles related to 
Serangium Blackburn (Coleoptera: Cocctnelhdae) * Edward A. 
Chapin, U. S. National Museum. 

This paper has been prepared primarily to supply names for cer¬ 
tain species of coccinellid beetles of economic importance. In the 
course of the work dissections of representatives of a great many 
genera were made, and it became evident that m many places the ac¬ 
cepted cla.ssification of the family is faulty. More attention must be 
paid to the structures of the head and abdomen before a system can 
lie outlined that will be justified by the morphology of the species in¬ 
volved. The division of the family into its major groups will, 1 believe, 
be based mainly on the structure of the mandible. Such a .system 
was suggested in 1843 by Rcdtenbacher.* 

Thanks are due to Miss Hazel Bowen, who has prepared the figures 
illustrating the essential characters of the genera discussed. 

I’he genera and species con.sidered in this paper form a very com¬ 
pact group within the family Coecinellidae. This group is the Oeneini 
of Ca.sey, 1899, minus the genus Oeneis Mulsant, IS.'iO. As the species 
placed in Oeneis must bo associated with Cryptognaiha MuLsant, 1850, 
and not w ith Delphastus (]asey, 1899, and as the name Genets is not 
available for use in the ([loccincllidae because of its prior use in Lepi- 
doptera by Iltibner, the tribal name Oeneini must be abandoned. It 
seems undesirable at present to propose a new name in view of our 
lack of exact knowledge of the structure of most of the small Coc- 
einellidae. 

It is advisable hero to di.scu.ss certain generic .segregale.s that have 
been presumed to be related to this group: 

Lioscymnus Champion, 1913, is determined, after an examination of a 
jiaratype of the type species, to be a synonym of Ddphastus 

Delphastobta Casey, 1924, is determined, after examination of the type 
species and specimen, to be a chrysomehd related to or belonging to the 
genus Lamprosoma 

Delphaslopsis Casey, 1924, is deti‘rmined, afU'r examination of the type 
species and specimen, to lx* close to and possibly a member of the genus 
ScymntUus 

Hemichnoodes Weisc, 1892, is, according to notes by Sicard, 1909, not re¬ 
lated to Seratigium. 

Serangium montwola Ricard, 1909, is, according to the original description 
and figure*, not related to Srrangium 

The species belonging to this group have the following characters in com- 

' PuhllBhed by permiBHioii of the Secretary of the SmitliBonmn Institution. Re¬ 
ceived January 15, 1U40 

' Ten/amen dmjionlvmu generum et speeiorum colra/iterorum ., 32 pp , Vidu- 
Ixinae, 1843 Reprinted in Germar’s Zeltseh Rnt 5:113-132 1844 
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mon: Form vory compart; head convex in front, antennae with the terminal 
segment spatulate and very long in compariHori with other HC‘gments, 
pronotum finely margined throughout, pronternum Htnmgly developed an- 
tenorly aa a plate protecting thi‘ mouth parts wh(*n head is in position of 
repose, notched on each side near lateral margins for the reception of the 
antennal'; I'lytral e'pipleura moderately broad, with cavities for Inc reception 
of the ti|>s of the middle and i>ostcnor femora; legs received in deep cavities 
on undiT side of laidy, those for the front legs being on the prosti'rnum, for 
the middli' legs on the suture separating the meso- and mctiustonium and for 
the hind h'gs mostly on the first abdominal sternito, fiunora broad and flat, 
eompletely conci'aling the tibiae when legs are retract'd, abdomen with five 
visible stornites, the second, third,anil fourth being quite short in eompari- 
son with the first and fifth 

After the elimination of the gcriiTa mentioned above, there remain two 
descnlK*d gimera having tl'i* cliaracteristu s listed in the pn*ccdiMg paragraph 
and two as yet unnamed 'I'hese four may Ik‘ s(»parated in the following 
manner* 

1 . Anionriac 8-scgmen1od; size large (length 2 2 .'5 inni), middle and hind 

tibiae not angulato exfi'rnally, Onenlal legion CatanOf new genus 

Antennae fl-s(‘gmeiited, size small to medium (up to 2min) 2 

2. Middle and hind tibiae slender, not angulate externally; size medium 

(I 5-2 mm), Oni'Utal, ICtUtopian, and Australian regions 

Sfrtifigium Blackburn 

Middle and hind tibiae ungulate externally 3 

3 Third si'gment of antenniu' obtnanguhir, twice as wude at apex as fourth 
segment, tibiae w'lthout teeth at apex of angulation, size small (about 
I inm), Ci'ylon Srran{fi(ilaf new genus 

Third segmiuit of antennae eyhiidneal, not much wider at any point 
than fourth, tibiae with usually two denticles at angulation of tibiae, 
size small io medium (0 8-1 5 mm), New World Dclphastuti Casey 

Delphastus Casey, 1899 

Wlnle it IS not iKmsible at iirescnt for me to give a key to all the H|MS'ies, it 
IS desirable to give names to two species that are fn»quently submitted for 
identification The essential characters of the tyjie s]KH•l(‘^ of the genua, Del- 
phastns pimllan (Li'Conte), are illustrated in Figs 1^. 

Delphastus nebulosus, n sp 

Length 10 mm, width 0 8 mm, altitude 0 5 mm Palo yellow-lirown, legs 
whitish, elytra eai^h with a single liosal castaneous sjiot of indefinite extent 
In ti'guinents shining Head not visibly punctured except for a very few' minute 
aetigerous punctures Seutellum very small, not visibly punctured. Elytra 
without visible punctures, but with pidlucid dota grouped along the suture 
and lateral margin and on apical portion Two or three sctai' occur on each 
elytron in the region of the humeral callus, and a few very short setae along 
the lateral margin toward the apex; otherwise the elytra are glabrous. The 
dark spot extends along base from near seutellum to beyond humoral callus 
and backward to just beyond basal third The margin of the spot is not 
sharp but the aa*a covered Ls fairly constant in the series of speeimens 
examined. Under parts not VLsibly punctured except for the apical abdominal 




Firs \-i ~~ Deiphasiun pwtillun (IicConte) I, Mandible; 2, maxillary palpua, 
3, hind le^; 4, antenna Fi^a 5-« —raiarw claunent, n ap Fim 9-12— Catana 
parraiclwia (8inard) Figs 13 -1 fl — Caiana xptloin (Wciao) Figs 17-20 —iSeranfftum 
Tnacuittrerum Blackburn Figs 21-24—^arettccnff (MoUchulaky) 
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Bternitc, which is finely and densely punctured and conspicuously pubescent- 
Femora shining, impunctate. Mid^e and hind tibiae with two small donticu- 
lations on outer margin at apex of angulation. 

Type and 17 paratypea, —U.S.N.M. no. 53941, 

Type locahty .—Puerto Rico. Typ and seven paralyps from Villalba, 
November 16, 1932, R. G. Oakley (San Juan no, 3195); six paratypes from 
Rio Piodros, March 19, 1913, T. H. Jones (P.R.S.G.A.Ace. 274-13); one 
paratype from same locality, January 26, 1914 (P.R.S.G A.Ace. 10-14); one 
paratype from Barccloneta, March 22, 1932 (San Juan no. 2009); one from 
ranturce, April 1, 1932 (San Juan no. 2121); and one from Ponce, March 13, 
1933, R. G Oakley (San Juan no 3790) 

Remarha. — D, nehuloaua is most closely related to D. pallxdua (JjeContc) 
but is distinguished from that species by the spot on the elytron and by the 
smooth and polished side pieces of the metathorax (in D palltdua sclerite^ are 
finely alutaceous). While Z). palltdua is known from Cuba os well as from 
Florida, it is not known from Puerto Rico, and D nebuloaua is known from 
Puerto Rico only. 

Delphastus coUaris, n. sp. 

Tx*ngth 1.3 mm, width 1 0 mm, altitude 0 6 mm. Deep pieeous; male with 
head, entire prothorax, and legs pale yolloy^ish brown, female with head, 
under part of prothorax, and legs somewhat paler. Integuments shining. 
Head not very convex, sparsely and irn^gularly set with a mixture of very 
fine and moderately coarse punc'tures, some of which an* setigerous. Pronotum 
slightly more coarsely punctured, v(*ry sparsely hairy, anterior angles bent 
down outside the fine marginal line, which cuts across the angle and which 
is very fine anteriorly. Scutellum with only two or three punctures, h'lytra 
distinctly and rather densely though not coarsely punctured, sparsely set 
with erect hairs. Metasternum finely and rather sparsely punctured, the 
side pieces finely alutaceous. First abdominal sternite puncturi'd as meta- 
sU-mum, second sternite with a complete, third and fourth stemites with an 
incomplete, row of punctures, fifth sternite finely and sparw'ly punctured. 
Femora not visibly punctured Denticles on tibiae elongaU-d into crests as in 

D. jmaiUua (LeConte). 

Type and S7 parcUypea, —U.S N.M. no. 63940. 

Type localtiy —Paraiso, Canal Zone. Type and 28 paratyiM»s taken Janu¬ 
ary to March 1911 by E. A. Schwars; nine paratyiies taken March to April 
1911 by A. H. Jennings. In addition to the type material I have referred to 
this species two specimens from Porto Bello, Panama, February 16-24,1911, 

E. A. Schw'arz; one specimen from Panama City, April 30, 1911, A. H. Jen¬ 
nings: and five specimens from El Cermeno, Apnl-May 1938, J. 2!etek 
(Zetek no 4401). 

Remarha ,—This species is easily separated from all speciej^ of Delphaatua 
known to me by the strong punctures on the second to fourth stenutes and 
in the male by the entirely pale prothorax. 

Catanai n. gen. 

Serangium auct. nec Blackburn, 1889, p. 187. 

Coccinellidae of nearly hemispherical form, always slightly lonimr than 
greatest width, altitude greater than half the transverse diameter (uie three 
dimensions approaching the ratio 8:7:4). Head convex, eyes relatively 
coarsely faceted, very slightly cmarginate adjacent to antennal sockets, 
without canthus; distance between inner margins of anUmnal sockets equal 
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to throe-fourths distance between oyes; antennal socketw moderately large, 
with beaded margin, the marginal tead continuous an)und the clypeus but 
finer across anterior margin of clypeus; clypeus transverse anteriorly with 
rounded anfdes; antenna 8-segmcnted, first segment stout, second globular, 
third elongate, subcyhndrical, as long or slightly longer than fourth to 
seventh combined, fourth longer than fifth, sometimes showing the beginning 
of a division and therefore morphologically equal to fourth and fifth com¬ 
bined, fifth to seventh short and subequal, eighth long, broad and thm, 
HotigerouH, longer than second to seventh combined; mandible with slender 
apical portion somewhat curved, prostheca conspicuous; maxillary palpus 
with terminal segment not strongly inflated. Pronotum short, strongly 
transverse, anterior angles acute and prominent, posterior angles acute, 
marginal line complete, basal margin slightly sinuate near scutellum Pro- 
stemum strongly developed and subtruncate anteriorly, lateral portion 
deeply notched for nK*cption of antennae, the median portion strongly 
bicarinatc, the carinoc strongly divergent anteriorly Posterolateral portions 
deeply excavate for the reception of the front legs. Mesostemum very 
short. Motostemum long. All coxae widely separated, the hind coxae es¬ 
pecially so. Femora broad, tibiae rather slender, tarsi with four distinct seg- 
ment-s, the third about one-third length of fourth. Claws broadlv toothed at 
base. Scutellum small, triangular. Elytra with broad, somewhat concave 
epipicura, which arc impressed deeply for reception of apices of femora. 
Abdomen of five visible stemites, first and fifth long, second to fourth very 
short See B^igs. 5-16. 

Genotype.— Catana clnusem, n. sp. 

In addition to the typi* species, I refer thi* following prt‘viously de¬ 
scribed species to Catana: Serangtum parcesvtOHum Bicard, 1929, from India, 
and Serangium sptloium Weiso, 1913, from Lusson, Philippines 

These three species may be distinguished in the following manner: 

1. Uniform pale yellow-brown parccHciosa (Sicard) 

Upper parts deep piceous, elytron with a large castaneous spot 2 

2 Pronotum rather densely hairy at sidoii, spot on elytron elliptical 

ajnlota (Weise) 

Pronotum sparsely but evenly hairy; spot on elytron rcniform 

clauaem, n. sp 

Catana clauaeni, n. sp. Figs. 5-8 

Cryptognaiha sp. Clausen and Berry, 1932, pp. 36-40. 

Ijongth 2.3 mm; width 2 mm; altitude 1.14 mm. Head, legs, under parts, 
and a large reniform spot on each elytron bright castaneous, pronotum, 
scutellum, and rest of elytTon deep mceous. Integuments shining. B'ront of 
head minutely and sparsely punctulate, vertex slightly more densely so, a 
fine hair arising from each puncture. Pronotum more coarsely punctured 
than head, the punctures sparsely and irregularly set, each furnished with 
a fine and moderately long hair, Scutellum with a very few fine punctures. 
Elytra very minutely and sparsely punctulate on disks, slightly more 
coarsely so on apical third and each with a regular row of fine punctures 
that is parallel to and near lateral margin, each puncture of the row bearing 
a short seta. The castaneous reniform spot on each elytron is large, com¬ 
mencing near scutellum and reaching to about apical fourth, its concave 
marmn toward the suture. The spots are variable in size, but in no specimen 
do they coalesce cither anteriorly or posteriorly. Under parts shining and 
minutely and sparsely punctulate except for the side pieces of the metaster- 
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num. which aro Htrongly alutaccous^ and for the apical abdominal etcmite, 
wLdcn in rather dennely punctun^d and fuminhed with rather lonK baira. 
Femora finely and rather donHoly punctulate, hairy, strongly margined on 
banal half of posterior border. Tibiae slender. 

Type and 23 paraiypee,- -U.S.N.M no. 53042. 

Type locality, —Medan, Sumatra. Other localities: Kuala Lampur, 
Federated Malay States, and Cuba in the West Indies inhere the speeies has 
been introduced. 

Remarks —The material before me consists of 24 specimens from Medan, 
seven from Kuala Lampur, both lots collected by C P. Clausen, and 27 
specimonH from Cuba, five from Santiago de las Vegas, August 20, 1934, 
A. R. OU'ro (E.K.A Cuba, Ent. no 103M),and 22 from Camito, Province 
Habana, May 17, 1938, P. A. Berry As the species was introduced into 
Cuba in 1930, the 1938 collection would indicate that it is firmly established 
on the island. Recently the s|iecie^ has been planted at Nassau, Bahamas, 
but no recoveries have so far ^M?n made from that locality 

Catana spilota (Weise) Figs. 13 16 

Serangtum aptloium Weise, 1913, p. 241. 

The national collection contaiiLS a seru's of 23 specimeriH collected in May 
1911 on Negros Island, Philippines, by C. V. Piiier. Although the type lo¬ 
cality of this species is Luson, I can see no rt^ason to doubt the specific 
identity of the Negros specimens. 

Catana parcesetoaa (Sicard) Figs. 9-12 

^Seranpium parceactoaum Sicard, 1929, p 184 

Sixty specimens of this siiccies from India are in the collection Most of 
these are laliclcd ‘Tanjab and U Provinces, Vl-X, India, It. S Wogluin”; 
some carry the additional data ‘^prcdaceouB on Aleyrodidae, Saharanpur, 
India, R. S Woglum,*' and two were taken at Mangalore by J. C Bndwell 
Except for a slight variation in siae, the six»cimenH arc remarkably uniform. 

Serangium Blackburn, 1889 

Several species of this genus were studied in connection with the species 
now placed ni Cofona and those that appear to be new arc dcscribi'd in the 
following {mges. For couvcmicnce, a key to the new ones, together with two 
well-known Australian species, is given For illustration of the salient char¬ 
acters, iScra/ifiTtum niacuhgerum Blackburn was selected, and Figs 17-20 
refer to this species. 

Grandi (1914) made a very careful study of an African species, Serangium 
giffardt Grandi, and gave a detailed description with excellent figures of the 
adult, larva, and pupa With this evidence there can be no doubt concerning 
the occurrence of the genus in Africa It is unfortunate that Grandi was not 
permitted to dissect a specimen of Semtehnoodes kunom^V/ciae and so dem¬ 
onstrate the true affinities of that genus. 

1. Elytra densely hairy; front femur alutaceous; side pieces of metasternum 
roughly sculptured; abdominal stemites strongly punctured . . 

hirtuosum Blackburn 

Elytra very sparsely hairy, usually with a few setae at base and along 
margins .2 
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2. Prostemum alutaceous. .... 3 

ProBternum shining, indistinctly punctured 4 

3. Second to fourth abdominal stt^nites finely strigillose; metasternum with¬ 

out a triangular alutac*eou8 area at side maculigeruin Blackburn 
Second to fourth sternitos smooth and polished; metasternum with lateral 
triangular alutaceuuH area meiastemaliSf n. sp 

4 Outer face of front femur shining, not evidently alulaeoouH, pronotum 

entirely pale comperet^ n. sp. 

Outer face of front femur strongly alutaceous; pronotum at most with 
pale front angles. ... , , 5 

5 Abdominal sternites highly polished, without punctures except along 

apical margin of fifth bakertf n. sp 

Abaorninal sternites very sparsely but distinctly punctured except fifth, 
which is rather densely punctured at middle G 

6. Elytra noticeably and rather strongly punctured japonicww, n. sp. 
Elytral punctures visible only with nigh magnification 

Imomcum, n. sp. 


Serangiuxn japonlcum, n. sp, 

Ti(mgth 2 mm; width 1.5 mm; altitude 0 9 mm. Deep piceous, head, flanks 
of pronotum narrowly, and logs pale oastaneous. integuments shining. Head 
with a few distinct punctures more or less definitely grouped in two patches, 
one on each side of the median line, sparsely hairy. Pronotum finely, sparsely 
and very irregularly punctured The punctures near the median line, which 
IS narrowly impunctate, somewhat coarser than those near the lateral mar¬ 
gin, surfaijc sparsely hairy. Scutellum occ&sioiiully with one or two punctures, 
usually impunctaU' Elytra moderately coarsely, densely, and evenly punc¬ 
tured, except that the punctures near the apical angles an* somewhat coarser 
than the others, filytra without vestiture except for a submarginal row of 
short setae EpipliMira finely punctured and sparsely hairy. Prosternum 
somewhat rough, meao- and inotasternum polished with a few fine punelures, 
side pieces of metastornum alutaceous Abdominal sternites sparsely punc¬ 
tured except last, which is densi'ly punctured and finely pulx>«c(ml. Front 
femora strongly alutaceous, middle and hind femora very sparsely punctun*d 
and finely hairy. 

Type arid 16 paraiypea —U S N M. no. 53043 

I'ype ZocaZ%.—Japan. Type and seven paratypos from Yokohama, where 
they wore found feeding on Ceroplaatea rubens by S. 1 Kuwana, three 
paratypos labeled ^Mapan, Kocbcle” (Kocbelc Note no. 12G3); and five 
paratypes from Nagasaki, taken May 20, 1922, feeding on oleurodid eggs 
by T. Ishii. 

In addition to the type material, I aseribe to this species a single specimen 
from Nanking, Kiangsu Province, China, taken August 16, 1919, by H. F. 
Loomis, 

Serangiuxn comperei, n. sp. 

Length 1.7 mm; width 1.3 mm; altitude 1,1 mm. Pale yellow-brown, 
pronotum sometimes infuscate at base (female?)^ elytra piceous except for 
narrow basal, humeral, and apical margins, which are yellow-brown. In¬ 
teguments shining. Head finely and very sparsely punctured, the punctures 
bearing fine, moderately strong setae. Pronotum sparsely and irregularly 
punctured, the punctures of two sizes, the larger ones bearing fine setae, 
^utellum not visibly punctured. Elytra without visible punctures except 
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for a very few in the ncutellar region, and one or two oetiRerotui punctures 
near hunioral callus. Epipleura finely and sparsely hairy. Prostemum finely 
and moderately densely punctured and hairy, meso- and metastemum and 
abdominal stemites one to four shining, without visible punctures, fifth 
(apical) sternite shining and impunctate laterally, finely and densely punc¬ 
tured and hairy at middle. Femora shining and not visibly punctured. 

Type and four paratypes. —U.S.N M. no. 53044. 

Type loealtly.—F\]i Islands A series of five specimens was taken at the 
type locality by George Compen' in October or November 1899 

Seranglum bokerl, n. sp. 

Length 1 4 mm; width 1.1 mm; altitude 0.0 mm. Under parts, head,and 
sometimes portion of pronotum costaneous, legs slightly paler than stcYnites, 
upper parts generally deep piceous. Head very finely and sparsely punctured 
Pronotum with a few setigerous punctures, mostly on disk. Scutellum not 
visibly punctured. Elytra without visible punctures, with a few long setae 
near scutellum, humeral callus, along basal half of suture, and on lateral 
margin near apex. Epipleura almost impunctate, appanuitly not si'tosc. 
Prostemum very finely and sparsely punctured, mesusternum finely punc¬ 
tate and rather densely hairy, metasternum with setigerous punctures ad¬ 
jacent to mesosternum at middle and on the median portion, side pieces of 
metastemum together with the narrow side margins of the metasternum 
jiropcr strongly alutaccous, abdominal sternites highly polished, without 
punctures except for a few along apical margin. Front femora alutaccous, 
middle and hind femora finely punctured and sparsely hairy. 

Type and paralype. —U S.N.M. no. 53945. 

Type loeaiity — Luaon, Philippine Islands. The type and paratype were 
taken on Mount Makihng by C. F. Baker. A third sjiecimen that aptx’ars 
to Ixdung to this sis'cics was taken at Zamboanga, Mindanao, P I., by 
Baker. 

Seranglum luzonicum, n. sp. 

Tx^ngth 2.2 mm; width 1.0 mm; altitude 0 G mm. Dark costaneous, head 
and under jiarts somewhat paler. Head finely, irregularly, and rather 
spaiw'ly punctured, punctures poorly defined, mostly setigerous. Pronotum 
with similar though slightly coarser punctures, which are largely wanting 
along a narrow median longitudinal line, setae sparse and not long, rather 
more densely set in anterior angles. Scutellum without visible punctures. 
Elytra distinctly and rather evenly punctured, the punctures very poorly 
defined, setigerous punctures present across base and in a row parallel to 
the lateral margin. Epipleura sparsely set with short setae. Prostemum shin¬ 
ing, moderately densely punctured and hairy. Mesosternum very short, 
shining, without visible punctures. Metastemum proper shining, very 
sparsely set with very fine punctures, which bear short setae, side pieces 
strongly alutaccous, sparsely hary. Abdominal sternites shining, first four 
very sparsely set with setigerous punctures, fifth rather densely punctured 
and haiiw front femora strongly alutaccous, other femora shining, the hind 
pair moderately densely hairy. 

Type and four paratypejg, —U.S.N.M. no. 53946. 

Tyw locanty. —Lu 2 om,^)Niilippine Islands. Type and one paratype col¬ 
lected at Manila by W.-»i!nultEo, two paratypes taken at the same place by 
George Commre, and one paratype from Dacoor (9 miles south of Manila) 
taken by P. L. Stangl. 
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Sertngium metutenulis, n. ep. 

Length 1,7 mm; width 1.4 mm; altitude 0.6 mm. Dark caataneoua to 
piceous, head and legs paler. Head very finely punctured, the punctures more 
densely placed toward the clypeal region, where the vestiture of fine hair is 
rather dense. Pronotum with the punctures coarser than those on head and 
gathered into two moderately dense patches on each side of the narrow 
smooth median line. Vestiture sparse and fine. Scutellum not visibly punc¬ 
tured. Elytra sparsely punctured, the punctures visible only under high 
magmfication, without setae except near humeral callus and along lateral 
margin. Epipleura not visibly punctured. Prosternum evenly and rather 
strongly alutaceous, very sparsely hairy. Mesosternum smooth at middle, 
with a small patch of setae at side. Metastemum proper smooth at middle 
and sparsely and finely punctured; laterally there is a triangular area ad¬ 
jacent to the side piece that, like the side piece itself, is strongly alutaceous. 
Abdominal sternites one to four finely and sparsely punctured, fifth stemite 
much more densely punctured and moderately densely hairy. Front femora 
strongly alutaceous, middle and hind femora smooth and sparsely hairy. 

Type and paraiype. —U.S N M. no. 53947. 

Type locality. —Luson, Philippine Islands The type and paratype arc 
from Manila, collected by George Compere. With these I have associated a 
third specimen from Biliran Island, collected by C. F Baker. 

Serongiella, n. gen. 

Oencis Motschulsky, 1866, nec Mulsant, 1860. 

Cryptognalha Crotch, 1874, nec Mulsant, 1850. 

Coccinellidae similar in form to Scranptum Head convex, eyes relatively 
coarsely faceted, slightly cmarginate adjacent to antennal sockets, without 
can'thus; distance between inner margins of antennal sockets equ^ to one- 
half distance between eyes, antennae sockets strongly transverse, with 
finely beaded margin, which is apparently not continuous across anterior 
margin of clypeus, clypeus very short and strongly transverse: antennae 
6>8egmented, first segment stout, second stout and but little more than half 
length of first, third strongly obtriangular, a little longer than second and 
not so long as fourth to (ughth combined, these segments becoming succes¬ 
sively wider until the eighth, which is almost as wide as the third, ninth 
segment almost as long as tlurd to eighth combined, width equal to more 
than half its length; mandible very small, roughly quadrate, the inner or 
cutting margin feebly curved, the outer margin acutely aiigulate just before 
middle of length, prosthcca apparently not present; terminal segment of 
maxillary palpus rather strongly inflated, subtruncate apically. ^onotum 
short, strongly transverse, anterior angles slightly prominent and strongly 
rounaed, posterior angles acute, marginal line complete though very 
anteriorly. Prosternum strongly developed, truncate anteriorly, deeply 
notched laterally for reception of antemiae, median portion strongly bi- 
carinate, the cannac strongly divergent anteriorly. Mesosternum extremely 
short. Metastemum long and broad, all coxae widely separated, the hind 
coxae especially so. Femora broad, middle and hind tibia conspicuously 
angulate externally beyond middle, tarsi with four distinct segments, the 
third half as long as but of same diameter as fourth. Claws thickened at base 
but without distinct tooth. Scutellum small, triangular. Elytra with rather 
narrow somewhat concave epipleura, impressed for reception of apices of 
femora. Abdomen of five visible sternites, as in Catana. 

Oenotype .—Oeneta flaveacens Motschulsky, 18M. 
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Althou^ I have teen able to examine only the one species, I feel reason¬ 
ably certain that the other two Ceylonese species described by Motschulsky 
(1866, p. 423), OeneiB laierale and 0. nt^n^tdum, also should be referred to 
this genus. In fact, it is not evident from the original description that the 
three species are truly distinct. Figs. 21-24, 
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ENTOMOLOGY —Siphonaptera from Western United States} Irvino 
Fox, Iowa State College, Ames, Iowa. (Communicated by 
C. F. W. Mubbbbbcx.) 

The following descriptions, involving three new species and a new 
subgenus, are based upon material in the United States National 
Museum and in the author’s private collection. Type material is in 
the United States National Museum, to whose authorities the author 
expresses his appreciation for the privilege of studying the collections 
in their charge. Particular thanks are due to Dr. H. E. Ewing, of 
the Bureau of Entomology and Plant Quarantine, for his kindness 
and assistance. 


Family HY8TRICHOPSYLLIDAE 
Coryptylloides Hubbard 

CorypayUoides Hubbard, Pacific Univ. Bull. 37 : 7. 1940. 

Front reduced; frontal tubercle and notch absent. Gena much enlarged; 
gcnal ctenidium obliquely vertical consisting of six spines, the lowermost 
reduced in width. Ejtm absent. Labial palpus 6-segmented, the last segment 


> Received February 2, 1940. 
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tapering distally. Pronotum rounded cephalad, well separated from the 
head, bearing on the posterior ma^n a ctenidium consisting of spines of 
various sues. Mesopleuron not divided by a vertical rodlike sclcrotiiation 
into a mesoepistemum and a mesepimeron. Line of division between mctc- 
pistcma and metepimeron not distinct. Abdominal tei^tcs armed with 
apical spines but no heavy transverse incrassations. Each abdominal tergite 
with one row of four bristles, two situated laterally and two dorsally. In 
male the posterior arm of stemito IX absent; sternite VIII not modified; 
manubrium laterad to rest of the clasper rather than ventrad to it. Coxa III 
with a patch of spinclcts on the inside. Last segment of each tarsus with 
four pairs of lateral plantar bristles. 

This ^nus is most closely alUod to Ci&ypitylla C. Fox from which it may 
be readily separated by the absence of heavy transverse mentations on 
the abdominal tergites and by the character of the genal ctenidium It is 
easily distinguish^ from NearclopayUa Rothchild, which it superficially 
resembles, by the structure of the thorax. 

Coxypsylloldes spinata, n. sp. Figp 1, 2, 4 

Male .—Preantennal region of head armed with a frontal row of four 
bristles and a small bristle at the base of first, third, fourth, and fifth genal 
spines; several other small bristles located along dorsal margin of head. 
Spines of genal ctenidium arranged as in Fig. 1. Postantennal remon armed 
with three bristles in addition to a marginal row of about five. Labial palpus 
barely reaching to apex of fore coxa. Pronotum with a medial row of but 
three long bristles and a ctenidium of about 16 spines on a aide. Mesopleuron 
with four bristles, two in center and two at posterior margin; metepistemum 
with two or three bristles, of which one is long and one or two are minute; 
metepimeron with four bristles. One antepygidial bristle present on a side. 

Modified eegmenls .—Process of clasper and movable finger as in Fig. 2. 
Spring short, not completing a single turn. Total length, 1.8 mm. Greatest 
depth of abdomen, 0.6 mm. 

Female .—A large bristle located on gena near third antennal segment; 
otherwise, chaetotaxy of head as in male. Pronotal ctenidium consisting of 
about 13 spines on a side. Two antepygidial bristles present on a side. 
Rcceptaculum seminis and sternite Vll as in Fig. 4. Total length, 1.9 mm. 
Greatest depth of abdomen, 0.6 mm. 

Type hoet and type locality .—Meadow mouse, Microtue townsendii, at 
Portland, Oreg. 

Type elide .—U S.N.M. no. 54011. 

Type material .—Male holotype and female allotype collected by S. G. 
Jewett from Microtue toxoneendii, December 24, 1931, at Portland. Oreg.; 
in the United States National Museum. Four male and two female para- 
types bearing the same data in the author’s private collection. 

FamUy DOLICHOP8YLLIDAE 
Amphlpiylla neotomae, n. sp. Fig. 3 

Male .—Frontal tubercle indistinct. Preantennal region of head armed 
with an ocular row of three bristles, which lies below two bristles located 
near antennal groove. Postantennal region with a single bristle in addition 
to a marginal row of about seven. Eye vestigial, the vestiges not pigmented. 
Labial palpus extending to about three-fourths the length of fore coxa. 



FLg. 1.—CoryMyttoic^M iptfioto, n. sp, head of male. Fig. 2 — idem, prooeaa of 
olaaper and movable filler. Fig 3 .—Amphipsylla neoiomae, n. ap,, prooeea of olasper 
and movable finger Fig. 4 —CarypeyUmdee aptncUa, n. ap., reoeptaoulum aeminle 
and aternite VII. Fig. fi .—Dadylopeylla (Spicala) rare, n. ap., prooeaa of oLaaper and 
movable finger. Fig. 0.— idem, atemite VllI of o^e 




Junra 16, 1940 rox: bifhonaptera fboic wbbtebn united btatbb 276 


Pronotal ctonidium with about 13 spJnoa on a side. One long antcpygidial 
bristle between two minute ones present on a side. 

Modified segmenU. —Process of clasper and movable finger as in Fig. 3; 
the latter armed on posterior margin with three prominent spiniform bristles 
in addition to several others. Spring short, not completing a single turn. 
Total length, 3.4 mm. Greatest depth of abdomen, 1.1 mm. 

Type hoet and type locality —Wood rat, Neotoma deaertorum, at Dos 
Palos, Calif. 

Type elide. —U.S.N.M. no. 54012 

Type material. —Male holotype collected by H. 8. Gentry from Neotoma 
deaertorum, March 1034, at Dos Palos, Calif.; in U. 8. National Museum. 

But two members of this genus have heretofore been reported from North 
America, A. atbtnca poUtonia Rothschild from Alberta and A. ewingi I Fox 
from Alaska. The above described new species may be separated from both 
of these by the structure of the male genitalia It represents the first record 
of the occurrence of the genus Amphtpaylla within tW United States. 

Genus Dactylopbtlla Jordan 
Spicata, n. subgen. 

Frontal tubercle prominent, not acuminate. Eye vestigial, the vestiges 
indistinct. Pronotum armed with a ctonidium of long slender spines. In 
male sternite VIII broad and prominent, armed on the posterior margin 
with a number of bristles of which some are robust and heavily pigmented 
(Fig. 6). Anterior arm of sternite IX much narrower than in DactylopayUa 
{Dactylopaylla) Manubrium not short and triangular, tapering and curved 
distally. 

Type apeciea —Dactylopaylla (Sptcata) rara, n sp 

This new subgenus may be readily distinguished from Dactylopaylla 
(DactylopayUa) and from FoxeUa Wagner by the structure of the male geni* 
talia. la the t^^ subgenus sternite VIII is large but not armed with heavy 

f iigmented bristles. In FoxeUa this sternite is small and bears but a single 
ong bristle near the apex. The manubrium of the new subgonus, being nar¬ 
row and tapering distally, is markedljr different from both Foxella and 
DactylopayUa (DactylopayUa) where this structure is short, broad, and 
triangular. 

Dactylopaylla (Spicata) rara, n. sp. Figs. 5, 6 

Male. —Preantennal region of head armed with two rows of bristles; the 
upper row consisting of about five, the lower row of four Eve vestigial, the 
vestiges exceedingly small and inconspicuous Postantennal region of head 
armed with a marginal row pf six or seven bristles. Labial palpus extending 
beyond basal half of fore coxa. Pronotal ctenidium conmsting of about 14 
spines on a side. 

Modified aegmenta. —Movable fin^r and process as in Fig. 6: the former 
differing in structure on the two sides. In one case the movable finger is 
armed with one bristle on the posterior margin (Fig. 5), while in the other 
it is armed with throe bristles and there are slight differences in the shape 
of the structure. Posterior arm of sternite IX with a number of small bristles 
distally. Sternite VIII broad, wider distally and armed on posterior marpn 
with five or six heavily pigmented bristles and about a dosen much more 
slender ones. Total length, 4.5 mm. Greatest depth of abdomen, 1.6 mm 
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Type host and type locality .—Pocket gopher, Thomomye foeeor, Jackson 
County, Colo. 

Type elt^. —^U.S.N.M. no. 54013. 

Type maienaL —Male holotvpe collected by S, C. McCampbell from 
Thomomye foBSor in Jackson County, Colo., J^y 13, 1026; in the United 
States National Museum. 


PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

THE ACADEMY 


359 th ubetino of the boabd of icanagebs 


The 360th meeting of the Board of Managers was held in the Board 
Room of the Cosmos Club on Friday, February 0,1940. President Cbitten- 
DEN called the meeting to order at 8K)0 p.m. 

The attendance was as follows: 


E. C. Cbittiindbk 

F. D. ItoBSlNI 
F C. Kbagee 
H. 8 Kappluyb 
J H, Hibbbn 


G Stbikbb 
J £ Qbaf 
W B. Bbll 
A. T McFhbbson 
A H Clabk 


A Wbtuobb 

F O. Cob 
C. Thom 
P C Whitney 
H L. CUBTIB 


E W. Pricb 
C L. Garnbb 
H G Dorbby 
C L Gajin 
W W. Dibhl 


and by Invitation: H B Colunb, Jh , and J. H Kbmpton. 
The following budget was adopted for 1940: 


S()cretary'B Office 
Treasurer’s Office 
Meeting’s Committee 
Membership Committee 
Executive Committee 
Custodian of Publications 
Journal 


$ 450 00 
225 00 
850 00 
10 00 
10 00 
120 00 

2,500.00 plus receipts 


Total. . 93,665 00 plus Journal receipts 

In addition to the roimrts of standing committees the Board received a 
wtition signed by L. B. Tuckerman, O. E Mkinzer, W. J. Huuphretb, W. 
Ramberg, C. Thom, and F. A. Smith requesting a change in the bylaws 
restoring the offices of the two nonresident Vice-preHidents eliminate by 
ballot January 9, 1940. The President appointed a special committee to 
consider this petition and make recommendations to the Board. This Com¬ 
mittee has as its chairman H. L. Curtis, with Charles Thom and P. C. 
Whitney as members. 

The Board considered the nature of the ceremonies to be held in connec¬ 
tion with the presentations of the Awards for Scientific Achievement and 
instructed the Committee on Meetings to make the necessaiy arrangements. 

On recoihmendation of the Editors of the Journal, the Ek>ard authorised 
the President to appoint a committee to investiute the present status of the 
contract for printing the Journal and, if in their judgment advisable, to 
solicit bids for printing the Journal in 1941. The Presictent appointed F. Q. 
Bbickwbddb chairman of this committee, with H. Q Avers, R. W, Brown, 
C. L. Qauh, j. H. Kempton, R J. Sbeoer, and J. A. Stevenson members. 

The meeting adjourned at 10:52 p.m. 
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CHEMISTRY — The separation of isotopes by chemical means ^ 
Harold C Urey, Columbia University (Commumcated by 
Fred L Mohler ) 

Ten years ago no successful separation or even extensive concentra¬ 
tion of the isotopes of any of the elements had been made Methods 
for the separation of isotopes that had been suggested and investi¬ 
gated depended upon differences in the physical properties of isotopes 
and isotopic compounds which were readily predictable from simple 
kinetic theory, as, for example separation by diffusion through porous 
tubes and by unidirectional evaporation Today several methods are 
available for the concentration of isotopes, and the isotopes of a few 
elements have been separated quite completely It is my purpose here 
to review the present status of this problem, and particularly to em¬ 
phasize the part of the problem with which my colleagues and I have 
been most closely associated 

In 1931 two successful attempts at the partial separation of iso¬ 
topes were made The first of these, by Keesom and van Dijk,* dealt 
with the separation of the isotopes of neon by the fractional distilla¬ 
tion of liquid neon The second of these was the concentration of the 
rare isotope of hydrogen by Bnokwedde, Murphy, and myself,* in 
connection with our experiments leading to the discovery of this iso¬ 
tope These distillation methods could be predicted from current 
theories in regard to the bohd state and were independently predicted 
by these two groups of authors Recent work by Keesom, van Dijk, 
and Haantjes* has produced rather high concentrations of the neon 
isotopes in substantial amounts, and Scott and Bnckwedde* have 
prepared hydrogen deutende, HD, m nearly a pure form by the frac¬ 
tional distillation of a mixture of hydrogen, deuterium, and hydrogen 
deutende 

* The Tenth Joeeph Henry Lecture of the Philoeophieal Society of Weehington, 
delive^ on March 16,1040 Received i^inl 10,1040 

*IbaBoiLW H andvAMDiJX.H Amm Acad 8ci Amaterdam M 42 1031 

' UuT H C, Bbickwiddi, F Q and Menrav, O M Phys Rev 40 1 1083 

* KnaoiL W H , van Dm H , and HAANrna J Proc Acad Set Amaterdam 

37 616 lOM, Phyaiea 1 1100 10S4 

* SooTT, R B and BnicswaoDn, F Q Phya Rev 4S 488 1086 
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Differences in vapor pressures of deuterium and protium oxides, 
the 0‘* and 0‘* waters, and the N“ and N“ ammonias, as well as sim¬ 
ilar differences in the cases of many of the isotopic compounds of 
hydrogen, are now known and have been used to concentrate the iso¬ 
topes of oxygen and hydrogen by fractional distillation methods. 
These differences in vapor pressures are small, and effective separation 
can be made only by very efficient fractionation columns. 

The first complete separation of isotopes was accomplished by means 
of the electrolytic separation of the hydrogen isotopes, discovered by 
Washburn.* This method of separation is so effective and so easily 
carried out, and the demand for the heavy isotope of hydrogen so gen¬ 
eral, that deuterium and its compounds are now produced commer¬ 
cially by this method. 

In 1032 Hertz^ developed his cascade diffusion method, making use 
of a series of diffusers arranged in a cascade, so that the light fractions 
diffusing through the porous tubes, or through a moving stream of 
mercury vapor, were fed to a preceding unit of the cascade, while the 
heavy fractions ^^ere fed to the following unit of the cascade. In this 
way Hertz prepared nearly pure neon isotopes and also succeeded in 
preparing very pure samples of deuterium. Others have used this 
method to concentrate other isotopic substances. 

In 1935, Urey and Greiff* presented a method for the separation of 
isotopes by chemical means, depending upon the sUght differences in 
the chemical properties of isotopic compounds. This method has since 
been developed and has led to the separation of nitrogen and carbon 
isotopes in substantial amounts. 

Recently Clusius and Dickel* discovered the thermal diffusion 
method, which is applicable to many gaseous substances. The method 
has many interesting features and undoubtedly can be used widely 
for the separation of small amounts of rarer isotopes. 

Recently Beams'* has made some orienting experiments on the cen¬ 
trifugal fractionation column method. These have not gone so far as 
to produce separated isotopes, but they have demonstrated the feasi¬ 
bility of the method. 

Smith and Scott" have investigated the possibility of using oscillat¬ 
ing electric fields acting upon streams of ions as a means of separating 
isotopes. The difficulty of mass spectrographic methods and these al- 

* Washburn, E. W., and Urzt, H C ,Proc Nat Acad 801.18:496. 1933. 

> Herts, Q. Zeit Phys. 79:108, 700. 1932. 

' Uriy, H C , and Orriff, L. J, Journ Amer. Cheat Soe S7:321 1996. 

' Clubittb, K , and Dicrrl, Q. NaturwiBaenBchaften 26: 546. 1938. 

'* Bramb, J W , and Skarbtrou, C. Pbya. Rev 56: 266. 1939. 

Smith, L. P , and Scott^. W , Jr. Phys Rev. 55:046. 1939. 
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temating field methods resides in the low intensity of beams of ions. 
Owing to the repulsion between the ions, the beams spread rapidly, 
and sharp separation can not be secured if large amounts of the 
separated isotopes are desired. Smith has found that it is possible to 
arrange an apparatus so that electrons are present in the beam with 
the ions, thus preventing the spread of the beam. 

With all these methods available, or their development actively in 
progress, it appears now that the separation of the isotopes of the ele¬ 
ments in amounts necessary for adequate physical, chemical, and bio¬ 
chemical research is only a matter of time. The past 10 years have 
brought the problem from a position where no separation had been 
secured to a point where the entire discussion is now based upon the 
best methods. The methods that my colleagues and I have developed, 
namely, the chemical exchange methods and distillation methods, ap¬ 
pear to be those most suitable for large production of separated iso- 
to|>es in the limited numlier of cases where they are applicable. It is 
the purpose of this lecture to discuss principally these chemical meth¬ 
ods of separation for the elements carbon, nitrogen, and sulphur, and 
to compare this method with the others mentioned above. 

THEORY OF THE SEPARATION OF ISOTOPES BY 
FRACTIONATION COLUMNS 

The most common method for the separation and purification of 
substances used in chemistry is that of distillation, making use of 
fractionation columns. As mentioned before, this method was used 
for the concentration of the hydrogen and neon isotopes where the 
differences in vapor pressures could be readily predicted by the use 
of the Debye theory of the solid state. Early in the investigation of the 
properties of hydrogen and deuterium compounds, Lewis and Cor¬ 
nish** and Washburn, Smith, and Frandsen** observed that there were 
differences in the vapor pressures of hydrogen oxide and deuterium 
oxide, and it was also observed that there were slight differences in the 
vapor pressures of the O'* and O'* waters. 

The theory of distillation apparatus has been discussed in standard 
textbooks for many years, and little new can be added. However, 
there are certain points to be emphasised when one comes to the frac¬ 
tional distillation of substances with only slight differences in vapor 
pressures. The simple process fractionation factor may be defined as 
the ratio of the two constituents in the vapor divided by this ratio in 

” Lbwir, O. N.j, and Cobniah. R. E. Journ Amer. Chem. Soo 55: 2616. 1033. 

Washburn, £ W., Siutb, £. R., and Frandsbn, M. Bur. Standards Journ. 
Res. 11: 468. 1033. 
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the liquid phase. Letting N and n represent the mole fraction of one 
constituent in the liquid and the vapor, respectively, this fractiona¬ 
tion factor a may be defined by the equation 


n / N 
1 - n/ 1-N 


( 1 ) 


The fractionation secured by a column is then given, according to rea¬ 
sonable theory (see below) as well as experiment, by the formula 


N, / N, 

1 -N,/ 1 - Ni, 


( 2 ) 


where Ni and Ni, are the mole fractions of one constituent at the top 
and bottom, respiectively, a is the simple process fractionation factor 
defined above, t is the length of the column and A; is a constant. The 
quantity kz is referred to as the number of theoretical plates. In the 
case of the plate columns, common for many distillation processes in 
the chemical industry, the plates are actual physical plates, although 
each may not change the ratio of the two constituents by the simple 
process factor. In the case of packed columns, which have been de¬ 
veloped in recent years in considerable variety, no physical plates are 
present in the column but the fractionation follows this exponential 
form, as determined by experiment. It is of considerable interest to de¬ 
rive expressions by which the time required for equilibrium to be es¬ 
tablished can be calculated at least approximately. Such a calculation 
was made by Huffman and Urey'* for the case of total reflux with a 
large reservoir at one end of the column. The formula secured by them 


No I - No /LNtia-l)kzlna'\ 

-TT + (1 - N,)ln - I--- 


where H is the holdup of the column per unit length, N and ATo are the 
mole fractions of one constituent at the reflux end at time t, and in the 
natural substance, respectively, and L is the rate of flow through the 
column. This formula shows that in order to secure a rapid equilibri¬ 
um, a small holdup, large natural abundance, rapid rate of flow, and 
a fractionation factor that deviates markedly from unity, are required. 
In the distillation of isotopic substances and their separation by 
chemical exchange methods, however, the value of the simple process 
factor is very nearly unity, and the time required to reach a steady 
state may be very long indeed unless a column of proper design is 

** HurriiAN, J R , and Uur, H. C. Ind. Eng. Chem. 29:681. 1037. 
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secured. This means that columns with small holdup, rapid rate of 
flow, and a large number of theoretical plates per unit length are re¬ 
quired. In most industrial processes, fractionation columns that have 
from 10 to 50 theoretical plates are quite adequate. However, if ade¬ 
quate separation is to be secured for isotopic molecules, a very large 
number of theoretical plates, e.g., from 300 to 500, is required. This 
large number is necessary because the ratios of vapor pressure.^ of 
isotopic substances deviate only slightly from unity. 

The transport of such apparatus is, of course, equal to the dilTer- 
ence in the flow of one isotopic substance in the two directions. If the 
mole fraction of the isotope to be concentrated is .small, the tran-sport 
at the beginning of the operation of such a column, using total reflux, 
is given by the equation 

T = - 1) (4) 

where L is the total flow in cither direction and JVo the mole fraction 
of the rare isotope in the mixture. This formula is approximate and 
applies only when the fractionation column is not near the steady 
state. 

A more exact theory of the operation of such columns can be given 
if one assumes that back diffusion is not an important process in the 
column, and that the rate of transport of material from the one phase 
to the other depends upon the concentrations in the two phases in the 
way required for the equilibrium process. Two differential equations 
can be secured for the rate of change of concentration in the two 
phases. These are: 

dN dN 

H - L - kiN{l - n) -h k-in(l - iV) - 0 (5) 

dl dz 

h~ + l + kxN(J, - n) - k-in(l - JV) = 0 (6) 

dl dt 

where L, H, N and l,h,n are the rate of flow, the holdup, and the mole 
fraction in the liquid and gas phase, respectively, and ki and k.i are 
the velocity constants for the transport of this isotope from one phase 
to the other. The solutions of these two simultaneous equations in a 
form suitable for convenient calculation have not been made. How¬ 
ever, if we are interested only in the final steady state, so that the 
derivatives with respect to the time are zero, the solution of the equa¬ 
tions is simple. The first integral is 

LN - In ^ 7i.(/. - 1) 


(7) 
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This equation states that the net flow in the column is equal to the 
amount of material withdrawn at one end of the column. The second 
integral leads to the following relation between the forward flow and 
the composition of the material produced: 

(1 + fly) tan A I — <f{l + fly) + tan A-‘ 

I - L 

y = I — 2no, fl =-f and o = \lnFo. 

I — a 

In these equations no is the mole fraction of the isotope in the for¬ 
ward flow and Ft is the overall fractionation factor when the forward 
flow is zero. By making use of these equations it is possible to show 
how the elTective fractionation factor for the column changes with the 
rate at which material is withdrawn. Our apparatus seems to give bet¬ 
ter results than the simple theory would indicate. 

In the case of the fractional distillation of the hydrogen isotopes, 
the values of a are in the neighborhood of from 3 to 10, depending 
upon the temperature and whether one is working with H| and HD or 
Hi and Dt. The distillation of the hydrogens is therefore a problem 
like that of the separation of ordinary substances, except that the 
fractionation must take place at a very low temperature. In the case 
of the fractionation of the hydrogen and deuterium oxides, however, 
or of the 0“ and 0“ waters, the ratios of the vapor pressures are near- 


Table 1 —Ratio of Vapor Prbshurkb op Watbrb 


r *0 

p(H,0“)/(pH,0‘*) 

p(H,0)/p(D,0) 

3 8 


1 188 

11 25 

1 013 


20 0 


1 148 

23 0 

1 008* 


35 6 

1 008* 


40 0 


1 115 

46 35 

1 007» 


80.0 


1 070 

100 0 

1 003 (extrapolated) 

1 052 


y + fl - 

where 


ly equal to unity, as shown in Table 1. In this case it may require long 
periods of time for the fractionation column to come to a steady state. 

CONCENTRATION OF OXYGEN ISOTOPES 

Huffman and Urey‘S made a substantial concentration of the O^* 
isotope by means of distillation methods. Water was pumped in at the 
top of a fractionation column at a fixed rate, evaporated completely 
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at the bottom, and the vapor returned upward through the column. 
At the top, the vapor was discarded since it was not convenient to 
condense the water for re-use. In this way water containing 0.86 per 
cent was produced, i.e., with somewhat over four times the nat¬ 
ural concentration of 0‘*. Also, considerable amounts of water con¬ 
taining half the normal abundance of O*' were produced by boiling a 
large container of water at the bottom of the column and totally re¬ 
fluxing at the top. The operation of the column in this case was not 
steady and this probably accounts for the smaller change in the ratio 
secured. 

It does not seem probable that distillation methods can be very 
useful in other cases for the separation of isotopic substances. The 
N** and N“ ammonias have but slight differences in their vapor pres¬ 
sures, as is shown by Table 2. The great difficulty in carrying out a 
distillation at the temperature of boiling ammonia, using extensive 


Table 2 —Vapor Pbbbsubeb or the Ammonias 


T “K 

pN«H, 

(cm of Hg) 

pN»H, 

(cm of Hg) 

p(N*‘H,)/p(N“H,) 

197 76 

5 488 

I 6 459 

1 0053 

204 4 

9 060 

9 018 

1 0046 

207 1 

10 904 

10 868 

1 0042 

208.8 

12 693 

12 541 

1 0041 

217 2 

21 670 

21 48H 

1 0038 

228 2 

41 030 

40 SOO 

1 0032 

228 4 

41 660 

41 41S 

1.0032 

234 9 

60 660 

50 300 

1 0027 

230 4 

76 340 

75 153 

1 0026 


fractionation columns, makes this an unsatisfactory way for the frac¬ 
tionation of isotopes. A study of the vapor pressures of the hydrogen 
and deuterium oxides shows that there is a marked difference of vapor 
pressure even at the critical temperature of water, i.e., as the tempera¬ 
ture increases, differences in vapor pressures do not necessarily at 
once become small. The same may be true in the case of the ammo¬ 
nias, and the question deserves further study to determine whether a 
fractionation column at ordinary temperatures, operating under pres¬ 
sure, might not produce a considerable fractionation of the nitrogen 
isotopes. A similar behavior might be observed in other cases, but as 
yet our knowledge of this subject is incomplete. 

CHElflCAL BXCHANOX REACTIONS 

The discovery of the isotope of hydrogen and the very extensive 
studies that have been made of the differences in chemical properties 
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of hydrogen, deuterium, and their compounds show that the chemical 
properties of isotopic compounds are not identical, and that slight but 
definite differences may be expected. The first calculation of such dif¬ 
ferences in chemical properties, made by Urey and Rittenberg** on the 
hydrogen-hydrogen iodide exchange reaction, showed again that 
marked difference could be expected. Subsequent calculations and 
experiments by many workers show that even larger differences in the 
chemical properties are present in many other cases, as, for example, in 
the exchange reaction between hydrogen and water. This work nat¬ 
urally led to a calculation of the equilibrium constants for exchange 
reactions involving other isotopes. The results of such calculations 
are given in Table 3. These calculations are from Urey and Greiff* 

Table 3 —Equilibrium Conrtantb or Gabeoub Exchange Heactionb 


Reaotion 


Equitibnum oonstant (o) 
298 1 


- }80,» + Hi0« 
CO,>*+- jCOi^*+H|Ow 
+H,0“ -iOi“ -f* 

;“0 H-C“Oi - C“0 +C“0, 

Br,»» +HBr" - IBr," + HBr»» 

N,M4-NiK)-iN,w+N‘*0 

^•H+Li»-Li»H+Li‘ 

+HCI” - ci”o, 


1.028 
I 064 
1 020 
1 086 
1 003 
1 0004 
1 016 
1 026 
1 023 
1 027 


with the exception of the last two equilibria recorded, which were 
made by Dwayne T. Vier. These fractionation factors, a, deviate from 
unity by as much as 0 per cent in one case. The table shows that some¬ 
what larger deviations from unity are obtained in the case of elements 
of low atomic weight than in the case of those of high atomic weight, 
but that even for elements as heavy as chlorine, a considerable frac¬ 
tionation may be expected. The calculations given in these tables are 
made by the use of well-established statistical mechanical theory, us¬ 
ing experimental molecular spectra data for abundant molecules. The 
necessary vibration frequencies and moments of inertia for the rarer 
molecules are calculated by the use of the theory of small vibrations 
applied to molecules of this kind. 

Exchange reactions involving two phases must be considered if 
countercurrent methods similar to distillation, using a fractionation 
column, are to be used. In the case of the liquid-gas phase equilibria 
the examples listed in Table 4 may be considered. The calculated val- 

>' llaav, H. C, and RirrsNaino, D Journ. Chem. Pbya 1: 137, 1983: 2: 106. 
1084. 
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Tablb 4.—EguiLiBBiuM CoNRTANTB OF Two Phahb Exchanqb Rbaotionb 


Reaction 

Equihbrium 

oonatant 

calculated 

Equilibrium 

conatant 

observed 

N“H.iR) +N»H4+(aq) - NMH.fff) +N»H4+(aq) 

1 033 

X 023 

HC“Nfe) +C»N-(aq) - HC“N?k) +C“N-(aq) 

1 020 

1 013 

HCN**(g) +CN»-(aq) - HCN«*(g) -|-CN*«-(aq) 

1 003 

Slightly less than 1 

8**0.(g) +H8»Or(aq) -S»0.(g) +H8»*OrUq) 


>1 


1168 of the equilibrium cnnHtantB, which are also the values of the frac¬ 
tionation factorfl, a, have been secured by assuming that the distri¬ 
bution functions for the ions in solution are the same as those to be 
expected for a gas. Such calculations can not be exact, but experiment 
does show rather good agreement with the calculated values recorded 
in the second column of the table. The observed values depend upon 
our experiments made on the separation of the isotopes of carbon, 
nitrogen, and sulphur, and depend upon the rate of production of the 
heavy isotopes, assuming that equation (4) applies. Since our separa¬ 
tion apparatus is run under conditions where this formula may give 
too low a value for the fractionation factor, and since experiments of 
this kind never run perfectly, the observed constants as given deviate 
less from unity than actually is the case. This is due to the fact that 
the transport is proportional to the deviation from unity of this con¬ 
stant, and any interruption of the process is likely to decrease the 
yield, and can not increase the yield under any circumstances. The ta¬ 
ble shows that the values calculated in this way are at least a good 
approximation to the experimental values. 

Exchange reactions involving two liquid phases have been used by 
I^wis and MacDonald'* to secure a partial separation of the lithium 
isotopes. The exchange reaction involved is given as the first reaction 
in Table 5. Exchange reactions between solid and liquid phase sys¬ 
tems are illustrated by the last three equations of Table 5. In these 
cases it is impossible to make satisfactory calculations of the equilib¬ 
rium constants, and only the constant observed by Taylor and Urey'^ 
in one case, namely, the lithium ion-lithium zeolite exchange reaction 
is recorded. In the potassium ion-potassium zeolite and the ammo¬ 
nium ion-ammonium zeolite reactions, only the direction of the devia¬ 
tion of the constant from unity can be given, and it seems difficult to 
deduce from the results of Lewis and MacDonald any value for the 
equilibrium constant for their exchange reaction. 

" Liwib, 0. N., and MacDonald, R. T. Journ. Amer. Chem. 8oe. 58: 2510. 
1936. 

Taylob, T. I., and Ubby, H. C. Journ. Chem. Phyi. 6: 430. 1938. 
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Table 6.—EquiLiBBicit Constants or Zbolitb Exchanob Rbactionb 


Reaction^ 

Equilibrium oonatant 
observed 

Li’ (amalKam)+Li*^"Li* (amalgam)+Li’+ 
LI«++Li»Z-Li»++U»Z 

K»^H-K«'Z - K«+ +K»»Z. 

KMH4+-hN»H4Z-N»H4++N“H4Z .... 

>1 

1 022 
<1 
<1 

> Tha MoUta irndteal ia indioaUd by tlia aarmbol J 


Such two phase exchange reactions can be used for the separation 
of isotopes, and the effect of the simple process fractionation in the 
case of gas-liquid equilibria can be multiplied many times by the use 
of countercurrent apparatus of the distillation column type. In the 
case of liquid-liquid equilibria, countercurrent liquid flow can be used 
in a similar way, but in the case of the liquid-solid equilibria, a coun¬ 
tercurrent flow of this kind would be very difficult to maintain. In this 
latter case, procedures similar to those of chromatographic analysis 
can be used effectively. 

The apparatus which has been used by my colleagues and myself for 
the fractionation of the nitrogen, carbon,and sulphur isotopes consists 
of the packed column type of fractionation column. The time which 
is required for such apparatus to come to a steady state may be very 
long indeed, and in the experiments which we have conducted years 
would have been required in some cases if special t 3 rpes of operation 
had not been employed. The transport of the column is given approxi¬ 
mately by equation (4), and this shows that the transport is propor¬ 
tional to the total flow in the column and to the concentration of the 
less abundant material, provided that the mole fraction of this less 
abundant material is small. Thus if one fractionation column will in¬ 
crease the concentration by some factor, F, the total flow could be 
decreased in the next column by the same amount and still the trans¬ 
port would remain the same. Therefore a second column is made to 
operate on the product of the first, the second column having a smaller 
total flow and a smaller hold up, and hence the final steady state is 
reached in a much shorter time than if this additional fractionation 
had been carried out with the column of the same size as the first one. 
In this way the steady state is reached much more quickly, with the 
same transport. A thii^ still smaller column can now be used to oper¬ 
ate on the product of the second in a similar way. 

Fig. 1 shows diagrammatioally the arrangement of the apparatus 
which we have used for the concentration of the nitrogen isotopes.** 
In this case the heavy isotope concentrates in the liquid phase. An 
Trodb, H. Q., and Urby, H. C. Journ. Chem. Phya. 7:34. 1939. 
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ammonium-nitrate solution containing 60 per cent by weight of the 
salt was pumped into the top of the first unit. This unit increased the 
concentration of by a factor of about 7. Six-sevenths of the ma¬ 
terial was withdrawn at the bottom, sodium hydroxide added, and 
the ammonia removed from the solution by boiling and passed back 
upward through this unit. One-seventh of the material flowed to Unit 
2, which changed the concentration of the nitrogen isotopes by an ad¬ 
ditional factor of 9. About eight-ninths of the material was removed 



FIs. 1.—Arrangement of fractionation unite (J7, In nitrogen apparatus. 

Stripinnc units are indicated by S' and 5", liquid flow by solid lines (F), and gas 
flow by broken lines (V) 


at the bottom of this column, sodium hydroxide added, and the am¬ 
monia sent upward through the unit, while one-ninth went to Unit 3, 
which further changed the ratio of the nitrogen isotopes by a factor of 
11. The ammonia was finally liberated at the bottom, passed upward 
through all the units, as indicated by the arrows, and finally absorbed 
in water at the top of Unit 1. The arrangement is similar to a distilla¬ 
tion apparatus except that a large reservoir of material is maintained 
at the top of the first unit and total reflux at the bottom. The solu¬ 
tion takes the place of the liquid in a distillation apparatus, and the 
ammonia gas replaces the vapor in distillation. Rapid exchange takes 
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place between the ammonium ion and ammonia just as equilibrium is 
maintained between the liquid and the gas in a distillation. 

The arrangement used in the carbon case*' is illustrated in Fig. 2. 
Only two units were used since we make use of hydrogen cyanide and 
not too large quantities could be used in a laboratory building. In this 
case, C" concentrates in the gas phase and therefore the general ar- 



Fig. 2.—Arrangement of fractionation units In the carbon apparatus. 

rangements must be inverted as compared with the nitrogen separa¬ 
tion. Solutions of sodium cyanide and sulphuric acid are pumped into 
the bottom of Unit 1 and the hydrogen cyanide removed from the 
solution by a stripping column. Hydrogen cyanide gas rises through 
Unit 1. At the top, sufiScient sodium hydroxide (free of iron) is added 
to absorb about four-fifths of the hydrogen cyanide. This unit changes 
the ratio of the carbon isotopes by a factor of about 6. The remainder 

Hutchison, C. A., Stbwabt, D. W., and Urbt, H. C Joum. Chem. Phys. 
In prsBS. 
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of the hydrogen cyanide gas passes to the bottom of Unit 2, and at the 
top of Unit 2 sufficient sodium hydroxide is added to absorb it. This 
second unit changes the ratio of the carbon isotopes by approximately 
a factor of 6. 

Small amounts of air are introduced into the apparatus with the 
solutions, and if these are not removed from the top of the second 
unit the air will accumulate there and prevent the hydrogen cyanide 
from reaching the top of this unit. As time went on the apparatus 
would completely fill with air, and no fractionation would be obtained 
since all absorption of the hydrogen cyanide would occur at the bot¬ 
tom of the first unit. To avoid this it is necessary to remove the inert 
gas at the top of the second unit. This is done by connecting an addi¬ 
tional absorbing unit with the top of Unit 2 by a capillary tube. The 
sodium hydroxide is pumped first to the absorbing unit and from the 
bottom of this to the top of Unit 2. Part of the HCN is neutralized in 
the absorbing unit and the remainder at the top of Unit 2. As the inert 
gas accumulates at the top of the absorbing unit, the flow of hydrogen 
cyanide through the capillary decreases. A manometer arranged with 
an electrical contact is attached to the ends of the capillary so that 
the pressure difference measures the rate of flow of HCN. When the 
pressure difference falls to zero, a pump is started which removes inert 
gas from the top of the absorbing unit. This causes rapid absorption 
of HCN in the absorbing unit again, and the pressure drop across the 
capillary is restored. In this way inert gas is removed automatically 
without difficulty. 

The apparatus is controlled by fixing the rates with which alkali 
enters the tops of the two units. The rate of supply of hydrogen cya¬ 
nide at the bottom is regulated by maintaining a constant pressure 
at this point through a manometer with an electrical contact which 
starts and stops the feed pump. 

The actual form of the apparatus is illustrated in Fig. 3 for the case 
of the nitrogen separation. Only the two smaller units are used for the 
carbon separation. A detailed description of this apparatus has been 
published elsewhere.'^ 

Taylor and Urey^^ have made use of the liquid-solid equilibria to ef¬ 
fect a change in the ratio of the lithium, potassium, and nitrogen iso¬ 
topes. In these cases a 30-foot tube was filled with a zeolite, say, for 
example, a sodium zeolite and covered with a solution of sodium chlo¬ 
ride. Lithium chloride solution was then fed into the top of the tube 
and the solution withdrawn at the bottom. Since lithium 6 is concen¬ 
trated in the zeolite rather than in the lithium chloride solution, it is 
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retarded relative to lithium 7 in its movement down the oolunm. After 
some time the solution leaving the bottom of the column will contain 
lithium ion and this will be enriched in lithium 7; that is, the leading 
sample contains the heavier lithium. One can then wash out the lith- 



Umr / Umt Z J 

Fig, 3.—Comi^ete appAntiu u used in the separation of tba nitrogen isotopes. 

ium chloride from the zeolite and in this case the trailing sample is 
enriched in lithium 6. Fig. 4 represents results secured in such experi¬ 
ments by Taylor. A rather marked change in the relative abundance 
of lithium is secured by this simple method. Similar experiments using 
potassium and ammonium salts showed that changes in the relative 
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Fig 4 —Diatributton of lithium Uotopea coming through a leolite column 

abundances of the isotopes of potassium and nitrogen result from such 
experiments, but that the heavier isotopes are concentrated in the 
trailing samples in these cases. 

CRITIQUE OF SEPARATION METHODS 

In considering the relative advantages of various methods for the 
separation of isotopes, several factors must be kept in mind. In the 
first place there is the question of the amounts of isotopic materials 
that are required for experiments. For effective work most chemical 
experiments require amounts of the order of grams of these separated 
isotopes. In the second place, the cost of production is an important 
item. If one is separating only small amounts as a laboratory curiosity 
or for a very few special problems, then the cost becomes relatively 
unimportant. However, if one looks upon separated isotopes as a new 
tool for chemical research in all its various aspects, then the matter 
of production cost on a commercial basis is important. The value of 
such stable isotopes as tracers, as compared with the value of radio¬ 
active isotopes, depends upon the amount by which the material can 
be diluted before the tracer can no longer be detected, upon the size of 
sample that is required for analysis, and upon the convenience of the 
analjrtical method. It is very difficult for me to speak authoritatively 
in regard to other methods of separation than these chemical ones, 
but in the case of the chemical method it is of interest to record some 
facts in regard to the cost, and the usefulness of the separated isotopes 
particularly for tracer use. 

The rate of production by chemical methods, using apparatus of the 
type 1 have described, is considerably larger than that of any other 
type of separation that has been used, so far as I am aware. In the 
case of our nitrogen experiments, it was possible to transport 0.76 
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gram of per 24-hour period, while on the carbon experiment (us¬ 
ing only the two smaller units) we have been able to transport 0.15 
gram of C* per 24-hour period. There seems to be no reason why these 
methods can not be increased almost indeSnitely on a commercial 
scale. It should be possible to increase the production by at least a fac¬ 
tor of 10 on the basis of present knowledge in both cases. The cost of 
production depends greatly upon the scale on which one works. In our 
experiments on nitrogen, using the laboratory size apparatus, we 
were able to produce for a cost of about $50 per gram of N“, in¬ 
cluding the cost of chemicals and the salaries of the men operating the 
apparatus. There seems to be no reason why this cost can not be low¬ 
ered to something in the neighborhood of $15 per gram of N‘*, or less. 
In the case of carbon, our cost for salaries and chemicals amounts to 
about $200 per gram, although there appears to be no reason why this 
cost can not also be brought to the neighborhood of $15 or $20 per 
gram if the production is maintained on a sufficiently large scale. 

These figures, of course, can not be regarded as total costs for the 
reason that in any commercial venture it is necessary to charge over¬ 
head, which is an important part of the cost of production, but it does 
seem probable that these isotopes can be produced and sold for some¬ 
thing in the neighborhood of $50 per gram. 

The dilution factor of the material we are now producing, 25 per¬ 
cent C'*, is approximately 2.500 to 1, if we assume that the precision of 
a mass spectrometer is limited to 1 percent of the natural abundance 
of C‘'. If mass spectrometers can be devised which are able to detect 
0.1 percent of the natural abundance of C”, and this does not seem 
impossible, the dilution factor for our present material is 25,000. 

The sample required for satisfactory analysis with a mass spectrom¬ 
eter is in the neighborhood of 1 cc of gas at atmospheric pressure, 
and if necessary this could quite easily be reduced to one-fifth of this, 
or approximately 0.1 milligram of C**. The method of analysis requires 
a rather extensive and somewhat expensive piece of apparatus, and 
one that at the present time is often difficult to keep in satisfactory 
adjustment. There appears to be no reason, however, why such an 
apparatus can not be made commercially in a much more convenient 
form than those now in use in our laboratories, and at a cost com¬ 
parable to medium sized spectrographs. 

Distillation, chemical exchange reactions, thermal diffusion, and 
centrifugal evaporation all depend upon the possibility of using vola¬ 
tile compounds. The relative advantages of the thermal diffusion and 
the chemical methods can be rather well evaluated at the present 
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time. The chemical methods rapidly become ineffective as atomic 
weights increase. For example, it woidd appear that fractionation fac¬ 
tors in the neighborhood of 1.0002 might be expected in the case of 
elements of atomic weight 200 or more, instead of 1.02 as in the case 
of carbon and nitrogen. It is thus evident that it will probably be im¬ 
possible to effect any separation of isotopes on an effective scale by 
chemical methods for elements above 40 in atomic weight. On the 
other hand, the thermal diffusion coefficient can be expected to be 
about 0.1 as great for elements of atomic weight 200 or more, as for 
carbon. Thus we see that its use over a wider range of the periodic 
system is possible, although the speed of the method per unit appara¬ 
tus is only about 5 or 10 milligrams of G'* per 24-hour period. To at¬ 
tain a production of 1 gram of C” per 24 hours would require at least 
100 thermal diffusion tubes, w'hile the chemical separation can be 
effected on the same scale with a single apparatus of somewhat more 
extensive character than those already used. While the thermal dif¬ 
fusion method can be easily operated without attention, chemical 
methods require constant attendance. The comparison for a case such 
as carbon comes to a matter of cost of production. Electrical current is 
particularly expensive for the thermal diffusion method, probably 
running in the neighborhood of $100 per gram of C’* transported. 
Other methods of heating can hardly be expected to have the uni¬ 
formity and the steady character required for the efficient operation 
of the process. It seems quite certain that the construction and opera¬ 
tion of 100 thermal diffusion tubes can not be expected to be as eco¬ 
nomical as the operation of a single chemical separation apparatus, 
even though the chemical method must have constant attention. More¬ 
over, if larger amounts are needed the chemical method can be ex¬ 
tended to larger scale apparatus by methods that are well understood 
in the chemical industry. 

Turning to the possible separation of the elements of high atomic 
weight, we see that the centrifugal fractionation column is the most 
feasible method. It should have a transport per unit comparable to 
chemical exchange units of approximately the same size. Moreover, 
the effectiveness of separation should decrease very slowly with in¬ 
creased atomic weight, the decrease, being due to slower rates of dif¬ 
fusion in the case of high atomic weight substances, and not due to a 
decrease in the effective fractionation factor. 

It is always interesting to speculate on where the next important 
development of a subject will take place. At the present time the 
separation of the uranium isotopes would probably lead to most in- 
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teresting progress in the study of the fission process of the uranium 
isotope of mass 235. Thermal diffusion seems to be a possible method 
for accomplishing this, although no very great speed can be expected. 
It would seem to me that the centrifugal fractionation column or 
some modification of this would be a most likely method for securing 
results on this most fascinating problem, and in my opinion this is the 
most important direction for research on the concentration of iso¬ 
topes at the present time. 

I have been greatly aided in the work that I have reported in this 
lecture by my colleagues who have worked with me for various peri¬ 
ods of time since this work was started about five years ago. Prof. 
John R. Huffman, now at New York University, aided with the dis¬ 
tillation experiments on the O** and waters and with the early 
experiments on the separation of the nitrogen isotopes. Prof. Harry 
G. Thode, now at McMasters University, did much of the work on 
the final separation of the nitrogen isotopes and aided with the first 
experiments on C‘*. Prof. Clyde A. Hutchinson, now at the Univer¬ 
sity of Buffalo, Dr. Irving Roberts, of Weiss & Downs, Inc., and Dr. 
David W. Stewart, of Columbia University, are in a large measure re¬ 
sponsible for the success of the separation of carbon. Dr. Karl Cohen 
has helped with the more recent experiments and has carried through 
the calculations on the fractionation process reported in this paper. 
From time to time other men have aided us with the actual mechanical 
work of carrying on these rather wduous experiments. My thanks 
and appreciation are due to all these men, for the program could not 
have been performed without the loyal help of my co-workers. 

BOTANY.— Aublet the botanist, a pioneer against slavery, with a me¬ 
morial genus of palms,^ 0. F. Coox, Lanham, Md. 

Darwin’s reaction against slavery, during his visit to Brazil in 1832, 
has figured as an example of humanitarian sentiments combined with 
scientific pursuits, to show that science is not so aloof from human in¬ 
terests as often supposed. Cuvier affirmed “the power of feeling to 
exalt the intelligence,’’ but curiosity affects the mysterious and re¬ 
mote. Darwin noted in Qalton’s questionnaire on heredity that more 
originality is implied in “discoveries with regard to common objects,'' 
and Aublet saw significance in simple racial reactions that continued 
to be disregarded through the slavery controversy. From a scientific 
standpoint it must be expected that the racial and social problems, 

‘ Received December 22, 1939 
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since they lie in the field of biology, eventually will be studied by 
consecutive scientific methods, and that each discovery or original 
approach to a significant fact will be recognized, appreciated, and 
commemorated. 

Aublet not only was much earlier than Darwin but was well in ad¬ 
vance of most of the philanthropists who gained distinction through 
their efforts for the suppression of the slave trade and the abolition 
of slavery, as Sharp, Wilberforce, Buxton, Garrison, and Phillips. 
Abb5 Gregoire did not organize his “Friends of the Blacks” till 1788, 
the same year when Brissot de Warville traveled in the United States 
with a zealous interest in the “wretched Africans.” Clarkson’s survey 
of his “forerunners,” in The history of the abolition of the slave trade, 
1808, docs not refer to Aublet, nor does Saco’s Htstoria de la esdavtlud, 
1879-1903. 

Jean Baptiste Christophe Fusee Aublet, a contemporary of the 
Jussieus, was born in Provence in 1720, and is chiefly known for his 
Histoire des plantes de la Guiane Frangoise, 1775, in four octavo vol¬ 
umes, the foundation of forest botany in tropical America. Nearly 
400 new plants were described and figured, including many new gen¬ 
era of trees. Piso, Plumier, Browne, Sloane, and Jacquin had explored 
the plant world of the West Indies and the shores of South America, 
but Aublet entered the continental forest and began the study of its 
seemingly inexhaustible flora, continued by Ruiz and Pavon, Martius, 
Spruce, Pittier, and many others. Aublet was bent on botany even as 
a boy, ran away to Spain in search of plants, and worked a year for 
an apothecary at Granada before he was traced and taken home. 

The Guiana collection was made in two years, 1762-1764, but 
Aublet had spent 9 years, 1753-1761, in establishing a garden of drug 
plants in Mauritius, then a French colony, “I’Isle-de-France.” In 
returning from Guiana he spent several months in “Saint-Domingue,” 
at Mole Saint Nichols, Bombardopolis, and other points in the north¬ 
ern peninsula of Haiti. Thus Aublet had active experience in three of 
the tropical colonies as a basis of his chapter on “Observations sur les 
Negres Esclaves,” published in the supplement of the Histoire. 

Slavery had been challenged on grounds of religious sensibility from 
the time of Las Casas in the sixteenth century, more frequently after 
George Fox visited Barbados in 1671 and urged a gradual emancipa¬ 
tion of the slaves, as did John Woolman in Maryland and Virginia 
before the Revolutionary War. Aublet was a secular voice, perhaps 
the first to be raised, objecting to the system of slavery as injurious to 
the European settlers. He saw that the French colonists, from being 
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kindly, good-natured people, became haughty, hard, and inhuman in 
dealing with another race, but saw no object in this severity, the Ne¬ 
groes being, in his view, not turbulent savages, but naturally quiet, 
peaceable people, not entirely irresponsible or unwilling to work for 
what they might need. 

Thus Aublet reached the conclusion that holding the Negroes in 
slavery was not necessary for maintaining the colonies, a racial judg¬ 
ment that received a practical demonstration in hundreds of separate 
communities on tropical coasts and islands when the system of forced 
labor eventually was abandoned. Much of the calamitous history of 
Haiti and of the United States might have been avoided if Aublet’s 
factual view of the Negro character had prevailed before the explosive 
tensions were generated. It generally was believed that continuous 
repression was required and that the Negroes would revolt at the first 
opportunity. John Brown had that idea, and many other abolition¬ 
ists. 

In the light of subsequent history it will not be questioned that the 
effect of slavery on the ruling class was a serious factor of the racial 
problem of the West Indies. From Bolingbroke’s Voyage to the De- 
merary, 1807, it appears that many of the islands were going back¬ 
ward long before the slaves were liberated. Emancipation did not 
change the essential conditions, and the decline continued. “A ruling 
class always rules itself out." Some of the finest islands have been en¬ 
tirely abandoned to the Negroes, and now this "New Africa" is re¬ 
ported in serious distress. Macmillan's Warning from the West Indies, 
1936, urges an extension of the policy of trusteeship, “development 
in the interest of the weaker classes," as projected for the African 
colonies. The notion of ruling another race takes another form, 
benevolent, of course, but requiring "a firm exercise of authority in 
their behalf." In South Africa it is being recognized that the exploitive 
relations are detrimental to both races, and measures of segregation 
are being applied. 

A few years after Aublet an English botanist, Henry Smeathman, 
outlined a plan for settling colonies of civilized Negroes on the coast 
of Africa, in order to end the slave trade and eventually to return the 
slave population from America. Smeathman went to Sierra Leone in 
1771 to collect plants for a scientific group of English Quakers de¬ 
scribed by R. Hingston Fox in Dr. John FothergUl and his friends, 
1919. An African tree of the passion-flower family was named Smeathr 
mania by Robert Brown, in Tuckey’s Congo Narrative, 1818. Two of 
Smeathman's letters, dated 1783 and 1786, relating to a proposed 
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settlement at Sierra Leone were included in Wadstrom’s Emay on 
colonwUion, 1794. Smeathman’s account of the social economy of the 
African termites, published by the Royal Society in 1781, is praised 
in Maeterlinck’s Life of the white ant as an "inexhaustible treaaiu%’’ 
of basic observations. 

The policy of colonisation had the approval of Washington and 
Jefferson, and settlements in Liberia were developed by Ashmun 
(1822-1828) to the point of showing that the project was feasible, 
though later mismanaged and discredited, but still finding a few sup¬ 
porters in each generation. Senator Bilbo of Mississippi recently has 
proposed in Congress a "Greater Liberia Act,” for resuming and ex¬ 
tending "the voluntary resettlement of American Negroes in Africa.” 
A century of peaceable history in Liberia confirms Aublet’s assay of 
the racial temperament. 

A QUIANA PALM OBNUB TO COMHEMORATB AUBLET 

The palm called "maripa” in French Guiana, figured on the frontispiece 
of Aubict’a HiaUnre and described in the Supplement, is distinct as a genus 
from the South American palms with which it has been associated and may 
receive the name Ethnora, to symbolise the interest of Aublet in the racial 
problems The name Attdlea man-pa was given to Aublet’s palm by Martins, 
and Drudo called it Maxtmthana man-pa. The type species would appear as 
Ethnora mari-pa (Martius). The ample duplex perianth, uniform, orassate 
endocarp, and superficial submodial foramina, are diagnostic characters. 
The pulp of the fruit yields an edible oil. The related genera were reviewed 
in the National Horticpltural Magasine for October 1939, in a paper entitled 
"Bomoa, an Endemic Palm of Haiti.” 

Other distinctive features of Ethnora are the low, robust trunk, rather 
short leaves, and the pedunculate inflorescence, less compact than in Bomoo. 
The large orbicular-apiculate petals are half as long as the fruit, twice as 
long as the broadly cordatc-auriculate sepals, and about three times as long 
as the tomentose laciniate staminal cup. The stigma is persistent, the ros¬ 
trum indurated, the exocarp firm, the mesocarp fleshv and fibrous with a 
compact inner layer of longitudinal mesocarp fibers adhering closely to the 
endocarp but not fused, the cross section showing only the few fibers that 
outline the sutural sclerites. One or two carpels are fertile, the endosperm 
narrowly striate on the outer face, and the slender curved embryo protected 
by a papilliform process of the indurated testa. Fruits from Dutch Guiana 
collected by Harold F. Loomis for the Allison V. Armour Expedition of 1933 
have been examined. 

The endocarp of Ethnora is remarkable, the walls very thick and extremely 
hard, of uniform texture, with no peripheral fibers, but the sutural sclerites 
distinctly outlined in the cross section of the nut by parallel series of fibers, 
rather regularly spaced. In Bomoa the sutursJ bands appear as segments of 
the outer wall separated by a few fibers in radial or oblique rows, but in 
Ethnora it is plain that the bands project as radial flan^ from the center 
of the nut and are structurally distinct from the thickened walls of the 
carpels, which doubtless must be considered as the endocarp proper. The 
central structure u hardly to be viewed as a receptacle or a placenta but 




Fig 1.—Aublet’a marlpa palm. 
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may represent an intermediate metamere, between the stamens and the 
pistils. The nut of Tementa {Maximiliana) shows the same structure as 
Ethnora, but the walls are much thinner, with the pits that mark the sutural 
bands more numerous, closer to the surface of the chambers, and distinctly 
flattened. 

The personal name Aubletia is not available, Gaertner in 1788 and four 
other botanists within a few years having dedicated new genera to Aublet. 
Only the first genus could be recognised, and that proved invalid. 

A reduced photograph of Aublct's frontispiece is reproduced (Fig. 1), with 
the details of the maripa palm. The four other palms 
. ' “bache,” and "saguonete” are identified respectively as 
Oenocarpua, Aatrocaryum, MaurUta, and Mantcaria. No other palms were 
illustrated in Aublet’s Hiatoire, though several were briefly described, with¬ 
out botanical names. The leaf above the medallion may represent the 
“comon.” 

The palm of Dutch Guiana may be a different species, since it develom 
a tall, clean, cylindrical trunk. A single fruit of this palm is 7 cm by nearly 
4 cm, the petals attaining 4 cm and the sepals 2 cm. An inflorescence branch 
with 6 fruits is 18 cm long, the basal joint nearly 4 cm the other joints about 
2 cm, and the slender male section 4 cm. 

The name "cocorite” or “kokerite" also is applied to palms of this group 
in Guiana and Trinidad, usually classified under Maximiliana. 

In British Guiana, according to Im Thurn, the cocorite palms are short 
or even stemless in the coast ^stricts, but in the interior grow very tall, 
“the grandest column-hke stem that palm ever had." The name "mareepa" 
is given by Im Thurn as relating to the seeds of the cocorite palm. 

From Aublet’s descriptions a genus Avoira, with six* formally named 
species, was recognised by Giseke in 1792, though generally overlooked in 
taxonomic literature Giseke’s genus antedates Aatrocaryum Mayer, 1818, 
but may prove distinct. The type species, Avotra vtUgarta, is represented in 
Aublet’s arawing by a branch of the inflorescence with several fruit& while 
a branch of Aatrocaryum neuleatum Mayer appears from the original CKscrip- 
tion to have only one female flower, at the base of a slender "stipe" equal 
in length to the thickened male spike. 

BOTANY .—A second note on Georgia Diacomycetee.^ Edith K. 
Cash, U. S. Bureau of Plant Industry. (Communicated by 
John A. Stevenson.) 

During the past few years the writer has had the privilege of study¬ 
ing numerous specimens of Discomycetes collected in the vicinity of 
Athens, Ga., by J. H. Miller and G. E. Thompson, of the University 
of Georgia, Several of these fungi have been discussed previously (2); 
notes are given here on five additional species, four of which are de¬ 
scribed as new. Specimens are in the herbarium of the University of 
Georgia and in the Mycologieal Collections of the U. S. Bureau of 
Plant Industry, and type material has also been deposited in the 
Farlow Herbarium of Harvard University and the herbaria of the 
New York Botanical Garden and the University of Michigan. 

* Received January 2, 1040. 
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Sphaeropezla arundlntrlae, n sp. Fig. 1 

Apothecia irregularly scattered over the steins of the host plant, ellipsoid 
or elongate, 0 7-1 by 0*3-^ 6 mm, deeply embedded in the tissue, at first 
completely envered by a lid concrete with the darkened and convexly 
arched epidermis, which later splits longitudinally to expose the sunken 
hymenium; hymenium pale flesh color to vinaceous-buff (Ridgway),* 
pniinoflc; asci cylindrical, rather abruptly narrowed to the apical pore, 
gradually attenuated, toward the base, pore blue with iodine, 8-spored, 
76-86 by 6-8 m; spores irregularly biseriato, hyaline, cylindrical-elavale, 
3-scptate, not constricted, rounded at the ends and narrowed at the lower 
end, 16-18 by 3-4/i; paraphysoH hyaline, filiform, simple or branched near 
the tips, often twisted or circinate; hypothecium hyaline or subhyaline, of 
small-eelled plectonchyma; exciple prosenchyraatous, brown, cnclosmg the 
hymenial layer at the base and sides and the cover al^ve it in a continuous 
layer; cover concrete with the epidermis, the outer layer prosenchymatous, 
brown, with a thick inner layer of hyaline, gelatinous Jongitudinal cells, 
opening by a Icn^hwise slit, the sections extending jicrpendicularly or more 
frequently breaking away at maturity and leaving only a few fragments 
around the margin of the hymenium. 

Apotheciis conspersis, eflipsoideis vel elongatis, 0.7-1 XO 3-0.5 mm, im- 
mersis, clypeo epidermide adnato et longitudinaliter fisso et hymenium pal- 
lide-roseum pulverulentum patefacienti; aseis cylindrieis, octosporis, 75^5 
X6-8g; ascosporis bisenatis, hyalinis, cylindncoH^lavatis, S-septatis, base 
attenuatiH, lf^l8X3-4M; paraphysibus hyalinis, filiformibus, simplicibus 
vel apice ramosis. saei>e circinatis, hypotherio subhyaliiio, plectenchymatieo; 
pxcipulo prosencnymatico, bninneo. 

On the small branches of ^rundtnarto iecto, Bobbin Mill, Athens, Qa., 
April 27, 1938, J. H. Miller, and April 6, 1939, G E Thompson and J. H, 
Miller {type). 

This fungus was at first tentatively placed in the genus Phragmanaevta, 
which jt resembles in its sunken apothecia and hyaline, septate spores. The 
inadequate descriptions of many species of this genus make their real char¬ 
acters and affimties questionable Details of the structure and development, 
particularly the manner of opening and the nature of the covering layer, if 
present, are usually not noted. Although von Hoehnel in several instances 
(4,5, 0) notes the rewmblanee of some species of Naevta to Phnadtum, at one 
time classifying the genus Noma in the Phacidiaceae, he eonsistontly re¬ 
garded Phragmonaema as belonging to the Stictidaceao, as have Saecardo 
and Rehm, among other writers. The fungus on Arundinaria, however, can 
not be considered as stietidaceous, being plainly most closely allied to the 
Phacidiaceae. The structure of the apothecium is strikingly similar to that 
of Phaetdium lacerum Fr , the type of the genus Phacidium, as illustrated 
and described by von Hoehnel (4, p. 317, fig. 16), Von Hoefanel^s figure shows 
a similar covering lid, open and extending vertically at right angles to the 
hymenium, with an inner layer of mucilaginous cells, which he interprets as 
an opening mechanism. 

* Color terminology follows Ridgway, Color aiaTtdardt and colar nomenelatur9t 
Washington, D C , 1912. 
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Several species of Phragmonaevia growing on grasses arc transferred by 
von Hoehnel and Nannfeldt to Hysleropettzella v. Hoehn , a genus charac¬ 
terised by elongate ascomata, a covering lid concrete with the epidermis and 
opening at one side, simple spores, and acute lanceolate paraphyses. S. 
arundinoriae differs f rom Hyateropezuella in the filiform, flexuous paraphyses, 
septate spores, and most especially m the prosenchymatous exciple. No 
peeudoparenchymatouB basal tissue, such as that illustrated and described 
by von Hoehnel and Nannfeldt, could be found in this fungus. 

The original description of Sphaeropetta Sacc. (10, p 253) is brief, and the 
type species, S. alptna Sacc , appears not to have been available for study 
by later workers, so that the position of the genus is not clear. First de¬ 
scribed as a genus of the Patellariaccae by Saccardo, it was referred by Hehm 
(0, p. 72-73) to the Phacidiaceae, a classification that was adopted by Sac¬ 
cardo in the Sylloge Fungorum, volumes 8'24, and followed by von Hoehnel 
(6). Nannfeldt (8, p. 214), on the other hand, on the basis of his examination 
of 3. empeirt (Fckl) Rehm, considers Sphaeropezia a member of the Pscudo- 
sphaeriales, removing it from the Discomycctes completely, but not assign¬ 
ing it definitely to any family In the absence of more adequate information, 
the writer has followed the usage of Rehm and von Hoehnel in describing 
this fungus as a Sphaeropezia. 

Lachnum arundlnariae, n. sp. Fig. 2 

Apotbccia sessile, scattered, amphigenous, mostly hypophyllous, super¬ 
ficial, minute, 0.1-0.2 mm in diameter, translucent when moist, white-pilose, 
subglobose then patellate, soft-fleshy^, hymenium hyaline to sea-shell pink 
(R), margin fimbriate; asci cylindrical, short-pedicellate, rounded at the 
apex, 8-spored, 27-33 by 3-3.5^; spores narrow-clavate to acicular, biseriate, 
unicellular, hyaline, straight, 5-^.5 by 0.7-1 m; paraphyses lanceolate, 46-66 
by 3-4/t; exciple hyaline, prosenchymatous; hairs hyaline, septate, finely 
echinulato, not swollen at the apex, 60-70 by 3 m. 

Apotheciis sessilibus, amphigenis, 0.1-0.2 mm, molle carnosis, albo-pilosis, 
margins fimbriato, hymenio cameo, ascis cylindricis, breve pedicellatis, 
octosporis, 27-33 X3-3.6m; ascospons anguste clavatis vel acicularibus, 
unicellularibus, hyalinis, 6-0.5 X0.7-1m; paraphysibus lanceolatis, 46-65 
X3-4m; excipulo hyalino, prosenchymatico; pilis hyalinis, septatis, echinu- 
latis, 50-70 X 3 m. 

On Arundtnana tecta, Bobbm Mill, Athens, Ga., April 27, 1038, J. H. 
Miller, and May 12, 1030, G. E. Thompson and J. H. Miller {type). 

Judged from the description, Pez%za caulteola Fr. (3, p. 04), reported on 
Arundtnana, is close to Phialea cyathotdea. Both the former species and 
Pezua arundinoriae Berk. (1, p. 166) differ from Lachnum arundinariae in 
color and in the presence of a stipe. Among species of Lachnum that occur 
on grasses, L. cameolum (Sacc.) Rehm f. kyaltnum (Rehm, Ascomyceten no. 
1031) is more densely pilose, with thicker, longer, ciy^-bcaring hairs, 
larger asci and spores, and shorter paraphyses; L. nardi Rehm is a darker, 
stipitate species; and European specimens of L. controverzum (Cke.) Rehm 
show larger, stouter apothecia, with clavate-tipped hairs and spores equally 
acute at both ends. 
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Pyrenopeziza iiiinuta» n. sp. Fig. 3 

Apothecia hypophyllous, subcuticulari becoming Buperficial with the die- 
organization of the host tissue, closely aggreeated in p^e spots of withering 
leaves, patellate. pale brown when moist with subhyaliiie hymenium, entire 
fungus black when dry, very inconspicuous, 150-17.5>i in diameter, soft 
fleshy to membranous, margin uneven; asci clavate to fusoid, rather abruptly 
narrowed at the apiex and base, 8-sporcd, 28-33 by 4-5/i; siwrcs biseriate or 
irregularly 3-Bcriate ^n the upper part of the ascus, acicular clavate, 4-5 by 
O.T-l/i; paraph 3 rHe 8 filiform, hyaline, swollen at the tips to 2-3/i in diameter 
and couglutinate in a yellowish mazaedium; hyputhecium thin, subhyaline, 
outer layer dark at the base, of elongate, yellow-brown hyph^ forming a 
dentate margin. 

Apothcciis in maculis hypophyllis, subcuticularibus dein supcrficialibus, 
patellatis, pallide brunneis, 15(Al75/i diam., molle-i'amosis vel mumbra- 
uosis; ascis clavati-fusoideis, octospons, 28-33 X 4-6;*; ascospons 2-3- 
seriatis, aciculari-clavatis, 4-5X0.7-1.2;*; paraphysibus filiformibus, hya- 
hnis, apice inflatis et conglutinatis; hypothecio tenui, subhyalino; exeipulo 
brunneo. 

In withered leaves of Tilia hekrophylla var. michauxtt, Princeton, Oa., 
April 20,1938, and March 25,1039 J. H. Miller and G E. Thompson. 

This species difTcrs from Naevia itltae (Kleb.) Nannf. (8, p. 190) in smaller 
asci and spores, longer paraphyses, and in the thinner, darker basal tissue. 

Pyrenopeziza prinicola (£ A K.), comb n 

Synonym,—MoUma prtntcola E. A E., Journ. Myc. 4: 99. 1888. 

Apothecia erumpent, then superficial, scattered rather thickly and evenly 
over the lower surface of the leaf, minuti*, 150-275^ in diameter, subturbi- 
natc then patellate, membranous to fleshy, hymenium alutaccous to dark 
brown, the entire fungus black when dry, margin shghtly crenulate; asci 
clavate, abruptly narrowed at the base and aiK*x. S-Hjxm'd, 33-40 by 0-8^; 
spores irregularly 2-3-fleriate, hyaline, acicular-clavate, 1-celled, guttulate, 
becoming i:^udo8eptate near the middle, the lower end acute and nar¬ 
rowed, straight, 10-15 by 1-1.5;*; paraphyses filiform, hyaline, simple or 
branched near the tips, hypothecial layer hyaline, plectenchymatic, 16-20;* 
thick, gradually changing to subhyaliiie pseudoparenehyina at the base; 
exciplc Hubhyahne at the base, dark toward the margin, covered with brown 
hyphae 2-3 m m diameter adnate with remnants of the host cuticle. 

On dead leaves on Qi^ercns steUata, Bobbin Mill, Athens, Qa., April 27, 
1938, J. H. Miller; on Quercua rubra, same locality, May 12, 1930, G. E. 
Thompson and J. H. Miller. Type on Q. prtnua, Ixiuisiana, 1888, A. B 
Langlois 1320. 

Comparison with the type specimen of Mollma printcola E. A E. in the 
Mycologieal Collections of the Bureau of Plant Industry shows that the 
Georgia material constitutes recent collections of the same species, which is, 
however, more properly a Pyrenopetisa than a Molltata. 

So far as can be ascertained from descriptions and available specimens this 
American fungus is not identical with similar European species occurring 
on oak leaves. Molhsia rabenhoratii (Auersw.) Rehm (9, p. 637) has smaller 
asci and spores, apothecia free from the host tissue at the border instead of 
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adoate with it, and a darker, large-celled pseudoparenchymatous cxciple 
with conspicuouB, broad, clavate ends of hyphae projecting at the margin. 
Rabh. F. Eur. 2312, issued as Pyrenopezuafohtcola Frkl. and cited by Rehm 
as M rabenhorstit, agrees with Rchm’s description of the latter species; 
Sacc. Myc. Ven. 976, labeled Pyrenopezuafolitcola (Karst.) Sacc f. quercua 
pedunculata, and Pezua nervtcola Desm. in Desm. PI. Crypt Fr. 1067 also 
appear to be the same fungus, differing from P. printcola in the eharactere 
mentioned. 



^ -T^P^ropeiia arundinariae on Arundinarta Ueta (X S). FIs. 2 .—Laeknum 
vundi^oe on Arundinq^ Ueta (X 20), Fig. i.—Pyrenopenaa tiUae on Tilta 
hiUraf^Ua ya^ miehauxti (X IS). 4 —Phatangium magnitporutn oa Betula 

nigra (X 6). Photograph! by M. L F. Foubert. 
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Pbaeangium nugnlsporuniy n. Bp. Fig. 4 

Apothecia erumpent singly or in groups of two to three, closely sur¬ 
rounded by fragments of broken bark, 1-1.6 mm in diameter, fleshy, sub- 
turbinate or obconic, smooth, black, often compressed and contorted, readily 
falling out, leaving cavities in the bark, hymenium fuscous-black (R), shin¬ 
ing, rough; asci broad-^lindrical, abruptly narrowed at the base, rounded 
at the apex, 4-epored, 1/5-200 by 25^0 m; spores uniseriate, broad-ellipsoid, 
dark brown, 1-celled, with one large guttule evident when young, smooth, 
surrounded by a thick hyaline gt^latinous envelope 2-2.5>i thick, 40-^ by 
10-22/1 (exclusive of enveloping sheath); parapnyses numerous, Aliform, 
with granular contents, branched and interwoven at the tips, forming a 
Hubgelatinous masaedium; h 3 rpothccium subhyaline, of very loosely formed 
plectenchyma, becoming darker and more closely interwoven toward the 
base; outer layer of cells breaking up irregularly and forming a furfuraceous 
cortex. 

Apotheciis erumpentibus, carnosis, subturbinatis vel obconicis, 1-1.5 mm 
diam , nigris, hymenio fusco, nitenti, rugosu, ascis late-cylmdricis, 4-sporiH, 
175-220X26-30ii; ascosporis uniseriatis, lale-ellipsoidcLM, mgro-brunneis, 
umccllularibus, 40-50X18-22/1, tunica gelatinosa, 2-2.5/* crassa involutis; 
paraphysibuB numerosis, filiformibus, apice ramosis ct intertextis, masae- 
dium gelatinoBum formaiitibus; hypothecio Bubbyaliuo, plectenchymatico, 
cortice furfuraceo. 

In bark of Beiula nigra. Agr. Campus, Athens, Ga , March 2, 1939, G. £. 
Thompson and J. H. Miller 

P, magmBporufn is related to P. Utrasporum (Ell) Sacc. & Syd , described 
by Ellis on Qwreus cocctnea from New Jersey as Dermatea letraspora In the 
specimen of the latter species examined (Ellis, N Am Fungi no. 70), the 
spores are subspherical, 22-28.5X18-20/*, none reaching even the minimum 
length of those in P, magnisporum P. pecktanum Sacc (11, p. 190) on Acer 
differs in more caespitose apothecia and much smaller asci and spores. 

Nannfeldt has pointed out (7, p. 202) (8, p. 92) that several fungi de¬ 
scribed as Phaeangxum are in reality species of Dermatea^ Peztcula, and Fc/u- 
laria, the brownish spore coloring being apparently due to age and poor con¬ 
dition of the specimens This does not seem to lx‘ the case, however, in P. 
ietraapoTum and P. magnisporum, in which the spores are brown in a very 
early stage, becoming when mature an intense dark brown, similar to the 
color of Xylaria spores. The name Phaeangium is therefore retained for the 
present for these two species, in order to avoid the necessity of naming a new 
genus. 
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ENTOMOLOGY .—Ten new West Indian scarab beetles of the genus 
Phyllophaga, with two new names} Lawrencb W. Saylor, 
U. S. Bureau of Biological Survey. (Communicated by E. A. 
Chapin.) 

The species described as new in this paper further enlarge our 
knowledge of the relatively numerous species of June beetles known 
from the West Indies. For the privilege of studying the majority of 
these new species 1 am indebted to Dr. E. A. Chapin, of the United 
States National Museum. 

Phyllophaga (Phyllophaga) bimammifronB, n. sp. Fig. 2 

Male. —Elongate, shining, glabrous above, head pieeous, thorax and legs 
rufotestaccous, otherwise testaceous above Clypeus with moderately fee 
punctures, these dense at center of disk but nearly absent along apical 
maigm of clypeus, cljyiieal margin slightly reflexed, narrowly and shallowly 
incised at middle, the angles very broadly rounded; underside of outer 
apical margin with a single row of punctures, each bearing a long hair, which 
curves up and back over the elypeal apex Front with two moderately sepa¬ 
rated mammilliform tuliereles; apical half of disk of the front with fine, 
sparse*, and irregularly placed punctures, basal half of disk and vertex with 
very dense and extremely fine punctures and several larger intercalated 
punctures. Antenna 9-segmented, club not quite equal in length to the four 
preceding segments Thorax with sides entire, with a few cilia near the 
apical angles, both hind and fore angles rounded, base and apex with strong, 
complete margins, punctures of disk of moderate sixe, rather regularlv 
placed and separated by one to two times their diameters, the center of disk 
with a small irregular, impunetate area. Elytron with sutural stria obsolete 
at base and apex, other striae abm'nt, disk subrugose, mmeturcs slightly 
smaller than those of thorax and less densely plaeed. Pygidium convex, 
subrugose, with fine, regularly plaeed punctures, separated by about two 
times their diameters and each beanng a short, erect hiur. Abdomen convex, 
polished, fifth stemite sparsely punctured; sixth stemite three-fifths as wide 
as the preceding, slightly transversely impressed and with fine, moderately 
dense, scti|;crou8 punctures. Claws with a strong median tooth, claw base 
obtusely dilated. 

Female —Antennal club equal to the three preceding segments; pyipdial 
puncturation somewhat coarser than in male, and disk somewhat tumid be¬ 
fore apex; abdomen with the sixth stemite fiat. Otherwise as in the male. 

Length, 21-23 mm Width, 11-12 mm 

The type series consists of 12 males and 8 females, 10 from “8ta. Fe, I. do 
Pines, Cuba, A. R. Otero collector, March 1030 (E.E.A. Cuba Ento. No. 

> Received February 9, 1940. 
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11013)" and 10 from the same locality collected March 21, 1039. The 
(U.S.N.M. no. 54014), allotype^ and designated paratypes are in the 
United Btatcs National Museum; paratypes also have been returned to 
8. C. Bruner, who kindly sent the scries for study, and others have been 
deposited in the Saylor Collection. 



Fig. 1 —PkyUophaga adjunioB, n ip Fig 2 —PhyUophaga bxmammxfronB. n. sp. 
Fut 3. —PhyUophaga entda^ n up Fig. 4 —PhyUophtm btackwlderi^ n. Bp Fig. 6.— 
PkyUopkaga bakama, n. Hp a, and 6, Lateral view or mole genitalia e, Tarsar claw. 


P. bimammifrons is most closeJy related to P. inbercuhfrons (Chev.), with 
which species it has in common the bimammillate front, but it may 
readily separated by the more median tooth of the tarsal claw and the verv 
different male genitalia In this new species only the females have the smooth 
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renifom impression adjacent to each eye that Chapin describes for tubereuli- 
frona; in the males the area is punctate to the eye margin. 

Phyllophaga (Phyllophaga) wolcotti, n sp Fig 10 

Male, —Elongate, testacco-ochreous to testaceopiceous, head and greater 
part of the thoracic disk piceous, legs rufopiceous; upper surface pruinose, 
dull, glabrous. Head with clypeus polished, very sparsely punotatc, apex 
narrowly and shallowly emarginate, angles very broadly rounded. Front 
pruinose, with sparse, small, irregularly placed, umbilicate punctures, vertex 
and occiput polished and impunctate Antenna O-segmentod, club oval, 
equal to or slightly longer than the preceding throe segments. Thorax with 
small, irregularly placed, umbilicate punctures, separated by one to two or 
more times their diameters; lateral margins entire, angles well marked but 
obtuse, base* cmtirely margiiuHl Elytron with sutural stria obsolete basally 
and apically; disk subrugosc, with punctures of same sisi' and density as 
those of the thorax I^gidium convex, polished, glabrous, with small, 
moderately dense umbilicate punctures. Abdomen slightly convex, with very 
fine punctures, glabrous or nearly so at middle, fifth sternite long and with 
Bparst* transverse punctures; sixth sternite one-third the length of the pre¬ 
ceding, With a deep transverse^ sulcus, surface hardly punctate Claws with 
a strong median tooth, which is long and as strong as the apical one; claw 
base angularly dilaU^d. Metasternal liairs of moderate' thickness Propygid- 
ium strongly polislu'd but with m'veral very minute punctures visible. 

Female —All characters as in the male except that the sixth ventral ab¬ 
dominal sternite is much less strongly impressed and the antennal club is a 
little shorter. 

Length, 23*-24 6 mm Width, 11 12 5 mm. 

The holoiype (U.S.N.M no 54015), allotype, and 2 paratypes are from 
*‘E1 Yunque, Porto Rico,” collected by G N Wolcott on April 6, 1939. An 
additional pair of paratvpcs are from “Mts N of Yauco, P Rico, IV-20-36, 
coll by R. G. Oakley ” The holotyjjc*, allotype, and a paratype are in the 
United States National Museum, a pair of paratypes is in the collection of 
Wolcott, and one paratype has been deposittKl in the Saylor Collection. 

The species is named in honor of G. N. Wolcott, who has contnbuted 
much to our knowledge of I^ierto Rican melolonthids and who transmitted 
part of the spc'cimens for description P, wokoilt i« most closely related to 
P yunqueana Chapin, but besides the quite different male genitalia, it may 
be separated by the darker color, less dens^'ly punctate head, nontumid 
clypeuM, and shorter antennal club 

Phyllophaga (Phyllophaga) spioifemora, n. sp. Fig. 0 

Male —Oblong oval, shining, glabrous above; pale testaceous, the head 
and legs varying to rufotestaceuus Clypeus short, densely punctured, apex 
widely and mc^erately deeply emarginate, almost bilobcd, angles well 
rounded, margin hardly reflexed. Front with very dense punctures of moder¬ 
ate sin, with or without an indication of a slightly impressed, longitudinal 
sulcus; vertex polished, imranctato Eyes rather large. Antenna testaceous, 
apparently 8-segpented, the fourth segment as long as the second and third 
combined and widened at the middle, fifth se^ent one-third as long as the 
preceding; club equal to funicle m length. Thorax with regularly placed 
punctures of moderate size, separated by one and onc-half to two times their 
diameters, somewhat closer along the front margin and near sides; sides 
rounded, angles blunt, lateral margins entire, with very short ciUa; hind 
marginal line absent. El 3 rtron with sutural stria ill-defined, hardly raised, 
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and punctate; disk subnigose, with moderately dense punctures Pygidium 
convex, polished, either glabrous or with a few short and erect hairs, and 
with regularly placed moderate to rather large punctures, the punctures 
separated by one to two times their diameters. Abdomen polished, slightly 
convex; Wth stemitc slightly transversely impressed^ the apic^ margm at 
middle prolonged into a slight though evident lobe; sixth stemite one-third 
as long as fifth, transversely impressed and punctate Claws short, with a 
stuby triangular topth at the middle. Upper tooth of front tibia well de^ed. 
First two segments of hind tarsus equal in length. Hind femur with a single 



Fig 6 — PhyUophaga tpxmSemora^ n sp Fig 7 — PhyUophiiga mancheaterea, n. sp 
Fig 8— FhyUophaga pseudocalcana, n sp Fig 9- - PhyUophaga mantfemUea, n. sp. 
Fig 10 —Phyllophaga wolcoUi, n Rp a. Lateral view ui male genitalia. 6, En face 
view of male genitalia, c, Front tibia d, Doreal view of front taraua. 

row of 6 to 10 backwardly projecting, short stubby spines well inside of, but 
parallel to, the hind margin. Spurs free, the longest longer than the first 
tarsal segment. Metasternum nearly glabrous at center, sides coarsely punc¬ 
tate and the hair very short and scarcely obvious. 

Length, 10-10 6 mm. Width, 6-5.6 mm 

The holoiype (U S.N.M. no. 64016) and 6 paratypes, all males, were col¬ 
lected by E. A. Chapin and R. E. Blackwclder at Santa Crus, Jamaica, 
February 24, 1937, “flyi^ at dusk." The type material, except for a pair 
in the Saylor Collection, is in the National Museum collection. This species 
is quite dfiatinct from all West Indian species known to me and is not closely 
related to any of the known Jamaican species. 
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Phyllophaga (Pbyllophaga) pteudocalcaris, n. up. Fig. 8 

ilfak.—Oblong-oyal, shining; head and elytra with sparse and scattered 
short hairs, otherwise glabrous above; color testaceous to testaceopiceous, 
with dark castaneous clouding on greater part of the bead, thoracic disk, 
and on the clytral apices—entire dorsal surface in some lights with a faint 
metallic sheen. Clypeus short, almost rounded, but very transverse, apex 
not refiexed and hardly omarginate, disk densely and somewhat coarsely 
punctate. Front with moderately coarse, irregularly placcMl, moderately 
dense, and variolate punctures. Antenna 9-segmented, testaceous, club 
ovate and subequal to the preceding four segments in length. Thorax with 
moderately coarse, somewhat regularly placed variolate punctures, sepa¬ 
rate by one to three times their diameters; sides roundly dilated, margins 
entire, with sparse, short cilia; angles blunt, base margined only at sides. 
Elytron with moderately dense and regularly placed punctures of moderate 
sixoj surface smooth, some of the punctures with a very short scarcely 
obvious hair; an oblique, strialiko, impunciatc but not raised line on the 
disk, which is otherwise not striate Pygidium convex, rugose, with moder¬ 
ately dense punctures, disk apparently glabrous, apex ciliatc and sub- 
rounded. Abdomen convex, polished; fifth sternitc depressed laterally, 
center of base with a small, ill-defined, and transversely tumid area; sixth 
deeply and transversely suleate, disk rugosely punctate. Claws almost like 
those of PhytaluH but too widely cleft for that subgenus, the upper claw 
subapical and as long as, but thicker than, the apical claw; claw base ob¬ 
tusely dilated Hind spurs free and slender; lower tibial margin immediately 
adjacent to the shorter spur extended into a short but very obvious pseudo- 
spur. First two hind tarsal segments subequal m length. Metasternum nearly 
glabrous and impunctatc at middle, sides moderately densely punctured, the 
hair short and but little evident. Hind tarsus very slightly shorter than its 
tibia. Upper tooth of front tibia somewhat distant from the apical two. 

Length, 10 5 mm Width, 6 mm 

The uiiioue male type (U S N M. no. 64017) is from Rio San Juan, Domini- 
ean Republic, collected byG. S Miller in March 1038. This species is abun¬ 
dantly distinct from all West Indian species known to me both m the external 
characters and in the male genitalia. 

Pbyllophaga (Phyllophaga) blackwelderi, n. sp. Fig. 4 

Male .—Oblong oval, polished; testaceous, with the head, thorax, and legs 
rufotestaceous to pieeotestaceous; pygidium, thorax, and elytra apparently 
glabrous Clypeus with dense, coarse punctures; apex slightly emarginate, 
but little reflexed, the angles very broadly rounded. Front with coarse punc- 
tun*H and a few scattered short hairs, the punctures dense in part toward 
vertex but much sparser in the front half bordering the clypoal suture— 
vertex impunctatc. Eyes large Antenna 9-segmented, unicolorous testaceous 
club not quite equal to the funicle. Thorax with strong and entire basal 
margin; sides roundly dilated, coarsely crenate and with a few cilia in apical 
half, and entire in basal half; disk with coarse, regularly placed, moderately 
sparse punctures, the latter separated by one and one-half to three times 
their diameters; in some specimens the disk has a small and int^lar median 
smooth area; angles obtuse and not well indicated. Elytron subrugose, punc¬ 
tures slightly more dense than on thorax; striae, other thansutur^, scarcely 
indicated, the sutural stria later becoming obsolete before reaching the 
elytral apex. Pygidium convex, polished, with coarse, regularly placed, 
moderately dense punctures, the apex rounded and ciliate. Abdomen flat- 
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tenedfjxtlished, fifth strrnite with coarse, setigerouspunctures: sixth stemite 
three-fifths the length of fifth, base and apex carinate and the disk trans- 
vcrseljr flattened and punctate Metastemum coarsely, densely punctate, 
the hair short and not very conspicuous. lYont tibia tridentate, the teeth 
approximately equidistant. Hind spurs free and slender, the long^ one and 
one-half times the length of the first tarsal segment, the latter being slightly 
shorter than the second. Claws widely cleft, approaching closety the 
PAyta2u«-type; the .short but sharp trian^ar tooth is situated very slightly 
beyond the middle; claw base roundly dilated. Hind tarsus subcqual to the 
tibia. 

Female .—Antennal club equal to the preceding four segments; hind tibial 
spurs shorter and broader than in male; last segment of abdomen flattened 
as in male but a little longer, the basal earina broader and less obvious; first 
segment of hind tarsus a little shorter than in the male and the hind tarsus 
in some individuals a little shorter than the tibia. Otherwise as in the male. 

Length, 9-12 mm. Width, 4 6-7 mm 

The holotype male (U.S.N M. no. 54018) and 4 paratypes are from station 
234, Santa Lucia, British West Indies, collected May 16, 1036, by Dr. R. E. 
Blackwelder. The allotype female and 19 additional paratypes have the same 
locality and collector but were taken at station ^5 on March 27, 1936. 
The tsrpes are in the National Museum and designated paratypes are in the 
Saylor Collection. 

The two sexes of this species are surprisingly alike, though they can be 
separated 1^ giving attention to the details of the antennae, hind spurs, and 
abdomen The species is not closely related to any described West Indian 
^cies. The only other species described from Santa Lucia is brevt^t of 
rroelich (1792), which mi^ not be a PhyUophaga, or even a rhisotrogid. In 
any event, blackvoeUpn diners from it in the femora being elongate and not 
"ovate-oblong,” in the moderately tridentate not "profoundly dentate” 
front tibiae, and in the marginal base of the thorax, as well as in other 
details. 


PhyUophaga (PhyUophaga) cnoda, n. sp. Fig. 3 

Male. —Oblong-oval, testaceocastaneous; thorax slightly dull, the beetle 
otherwise shining above; pygidium elytra, and thorax glabrous Clypeus 
short, transverw, with fine and dense punctures; apex moderately renexed, 
scarcely emarginate at middle, the whole clypeal margin appearing very 
nearly semicircular. Front faintly impressed at middle, punctures coarser 
than those of clypeus, irregularly and rather sparsely placra. Antenna 9-8eg- 
mented, club vejy slightly longer than the funicle. Thorax with complete 
basal margjinal line, sides entire and ciliate, angles obtuse and fairly well 
marked; disk with moderate-sised, regularly placed punctures, separated 
by one and one-half to three times their diameters. Elytron with sutural 
stria obsolete apically and nearly so basally, otherwise unstriate; disk sub- 
rugose, with moderately dense, regularly placed punctures. Pygidium convex 
and polished, regularly, moderately densely, but not coarsely punctured. 
Abdomen slightly convex, polished; fifth sternite plane, sixth three-fourths 
the lenrth of the fifth, and transversely impressed. Eyes large Claw tooth 
situated very nearly at the middle, claw b^ hardly dilatea. Second seg¬ 
ment of hind tarsus not longer than the first. Metastemal hairs very short 
and relatively sparse. 

Length, 9.7 mm. Width, 6 mm. 
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The male holotype (U.S.N.M. no. 54010) from Montserrat Island, West 
Indies, collected by H. Q. Hubbard, is in the National Museum. A paratype 
male, from "Basse Terre, St. Kitts Island, March 28," remains in the Saylor 
Collection. This species appears to be most closely related to hUukwelderi 
Saylor and is considerably smaller than P. numlaerralenaia Arrow, the only 
other known species from the island. From blackwelden the present species 
may be most easily separated ^ the strong medium (not subapieal) tarsal 
tooth and also by the slightly different male genitalia. 

Phyllophaga (Phyllophaga) bahama, n. sp. Fig. 5 

Male, —Siibelongate, highly polished; color testaceous, the head, thorax, 
and legs rufotcstaceous to rufopiceous; glabrous above. Clypeus with 
moderately dense and regularly placed punctures; apex widely and shallowly 
emarginate, angles broadly rounded, margin slightly reflexed. Front a little 
more sparsely punctate than the clypeus, the variolate punctures of moder¬ 
ate size. Antenna 9-Bcgniented, club oval and equal to the preceding 4 
segments. Thorax regularly, somewhat sparsely punctate, the umbilicate 
punctures separated by one to three times their diameters, base not mar¬ 
gined; latc'ral margins evenly rounded, with a few cilia, not crenulate; hind 
angles broadly rounded and indicated only by a very slight point, front 
angles nearly rectangular El}dron with sutural stria obsolete basally and 
apically, otherwise unstriate; disk subrugose, punctures of same size and a 
little more dense than those of the thorax I’Vgidium convex, rugose, the 
moderately sized punctures dense and r(‘gularly placed, surface apparently 
glabrous. Abdomen convex, polished, nearly glabrous and very finely punc¬ 
tate at middle; fifth sternite with moderately dense punctures, the surface 
gradually declivous in apical half, which is flatteneef; sixth sternite three- 
fifths the length of the fifth, transversely impressed, and the surface very 
densely and not coarsely punctate Claw with a short, stubby, median tooth, 
claw base not obviously dilated. First segment of the hind tarsus varying 
from as lung as, to very slightly longer than, the seeond Metastemal niurB 
moderately dense, but quite short. 

Female, —Antennal club equal to either the 3 or 4 preceding segments; 
pvddium more flattened than in the male,and with or without very short hair; 
abdomen less convex, with the fifth sternite flat and the sixth slightly con¬ 
vex, the latter finely and moderately densely punctured in the apical three- 
fifths. Otherwise as in the male. 

Length, 14-18 mm. Width, 8-0 mm 

The holotype male (U.S N M. no. 64020) and allotype female, from "Nas¬ 
sau, Bahama Island, West Indies," are in the National Museum. A second 
pair from the same locality arc in the Saylor Collection. Four additional 
paratvpes from "Mangrove Cay, Andros Island, Bahamas, coll. May-June 
1917 by Wm. Mann," ^rec with the types in all respects, one pair of these 
paratypes is deposited in the collection of the American Museum of Natural 
History, from whence they came, and the other is in the Saylor Collection. 

P, bahama is most closely related to P, youngt Cartwright from Florida, 
but may be separated by the smaller size and the different male genitalia. 
The close rclationshi]} of these two species and the fact that all their char¬ 
acters are closely similar to those of the West Indian tvpe, rather than the 
mainland type of Phyllophaga, give added force to the opinions of both 
Cartwright and myself that P young% is not a very oid Floridian species but 
rather a recent immigrant. 
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Ph^ophtga (PhylTophaga) adjuntasi n. sp. Fig. 1 

Male. —Subelongate, wider behind; testaoeous to rufotestaerous, the 
thorax and head more rufoua; surface shining, head, thorax, and pygidium 
glabrous. Clypeus with sparse, regularly placed punctures; apex widely and 
shallowly emarginate, hardly reflexcd, angles broadly rounded. Front with 
moderately dense, irregiilarly placed punctures, those at the center of apex 
slightly smaller, vertex impunctate. Antenna O-sc^ented, club subequal to 
funicle, sclents S and 6 of funicle transverse. Thorax with strong basal 
margin and wide apical margin; hind angles subrounded, front angles sub- 
angulate; disk with moderately fine and umbilieate punctures, separated by 
one to three times their diameters. Elytron subrugosc, punctured like thorax 
but more densely so, the punctures densest near base Pygidium convex, 
polished, fifth stcmite with several coarse sctigerous punctures at renter. 
Sixth abdominal sternite a little shorter than the fifth, the basal half being 
a smooth but nearly flat process, widest at the middle where it is suddenly 
interrupted, thus forming two very blunt and dentate lobes; surface between 
apex, and basal and apical processes, transversely impressed and with fine 
punctures and sparse erect hairs, the entire stemite with a faint suggestion 
of a median longitudinal sulcus. Claw tooth a little stronger than apical one 
and situated a little beyond the middle, claw base obtusely dilated. Meta- 
sternal hair of moderate length and density. First two segments of hind 
tarsus subequal in length. 

Female.—Antennal club equal to or slightly longer than the preceding 4 
segments; sixth abdominal segment slightly convex, with fine and not dense 
sctigerous punctures; first segment of hind tarsus shorter than the second. 
Otherwise as in the male. 

Length, 13-15 mm. Width, 6-7 mm. 

The hololype male from Isolina, Puerto Rico, collected on April 16,1901, 
is in the United States National Museum (U S N.M. no. 64021) The 
allotype female and a paratype male, both from Adjuntas, Puerto Rico, 
collected May 2, 1917, at the “Fed Exp Station, Acc no. 49, 1917,” an* 
in the American Musf'um of Natural History, whence they came as a loan 
for study. 

P. adjuntae does not resemble closely any known West Indian species in 
the type of male genitalia; externally it resembles P. ettn Smyth but differs 
from that species in the nonpruinose dorsal surface, the much longer male 
antennal club, and the quite different male sixth abdominal segment. 

Phyllophaga (Phyllophaga) mandevillea, n. sp. Fig. 9 

Male. —Rufocasteneous; polished and glabrous above. Head with front 
convex and with a suggestion of a median longitudinal sulcus, and with 
rather coarse, variolate, and somewhat sparse punctures. Clypeus very 
short and transverse, the apical mai^n narrowly and very strongly emarn- 
nate, the emargination in connection with the strongly rounds an^s 

S iving the clypeus a distinctly bilobed appearance: disk coarsely and not 
ensely punctate. Eyes large Antennae 8-segmented, the club very slightly 
longer than the funicle: fourth segment twice the length of third, fifth seg- 
inent ti^nsverse and about one-fourth as long as fourth. Thorax with the 
disk variolately punctate, the punctures moderately coarse but sparse, and 
separated by two or three times their diameters on the center of the disk, 
but closer at sides; base of thorax not margined at middle, front mar^n 
very weakly indicated but entire, sides roundly dilated and entire, with 
spars^ind very short cilia; front and hind angles obtusely subangulate. 
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Scutellum impimctate. Elytron with coarse, variolate punctures, surface 
unstriate and subrugose; sutural stria not well indicated at middle and 
entirely obsolete basely and apically Pygidium strongly convex, pruinose, 
with moderately dense, fine punctures, and short erect hair; apex sub- 
truncate and ciUate. Abdomen polished, flattened at middle, coarsely punc¬ 
tured, and with sparse short hairs; fifth stemitc slightly longer than fourth, 
middle of the apical margin with two sharp but short teeth separated from 
each other by a shallow emargination; sixth sternitc as long as fifth, surface 
rugose, flattened, with coarse punctures and slightly carinate basal and 
apical marginal lines, each bearing a single row of rather long hairs. All claws 
snort with the apical tooth rather strongly curved; middle tooth small, 
situated slightly basad from the middle and strongly inclined toward the 
base; basal dilation obtusely rounded. All tarsal segments with moderately 
dense hairy soles; first segment of each tarsus longer than the second. Front 
tibia strongly tridentate, the upper tooth slightly beyond the middle. Meta- 
sternum strongly, very densely, and umbilicately punctate, with very short 

f irocumbent hair; somewhat more sparsely punctate at middle All tarsi 
ungor than their tibiae Apex of middle tibia with a strongly serrate margin; 
each lateral angle of the ai)ox is somewhat prolonged into a slightly larger 
tooth 

Female,- - Antennal club ovate, hardly equal to segments 3 to 5 combined; 
eyes smaller; clypeus larger than m male; pygidium more narrowed apically 
and the hairs longer; abdomen semiconvex and very coarsely punctate, 
with the apical margin of the fifth sternite plane; sixth abdominal segment 
slightly convex; hind tarsus distinctly shorter than the tibia; all other 
characters including the middle tibia, exactly as in the male 
Length, 11 5 to 13 5 mm Width, 5.5 to 0.5 mm. 

The holotype male, the allotype female, and a pair of paratypes are from 
Mandeville, Manchester, Jamaica, collected between November 16 and 
December 19, 1919, at altitudes between 2,131 and 2,250 feet. The holotype 
and allotype are deposited in the American Museum of Natural History 
and the paratypes in the Saylor Collection 
This species is most closely related to a species (from exactly the same 
locality in Jamaica) that is now m manuscript by M. W Sanderson. From 
this species of Sanderson's the new species differs especially in having the 
third tarsal segment two and one-half times longer than wide (rather than 
only one-half longer than wide), the elytral punctures finer and evenly 
spaced (not confusedly punctate), the hairy “sole" of the tarsus much less 
dense, and the slightly different male genitalia I am indebted to Dr Sander¬ 
son for comparing my specimens with the type of his new species. 

Phyllophaga (Phyllophaga) manchesterea, n. sp. Fig. 7 

Male, —Castaneous, shining, glabrous above Head with front very coarse¬ 
ly, densely and variolately punctured, with a strong median, impress^, longi¬ 
tudinal sulcus. Clypeus short, the apex reflexed, narrowly and deeply 
emarginate and the angles rounded, the entire clypeus appearing bilob^; 
disk coarsely punctate. Antenna 8-scgmented, club sul^qual to funicle; 
segments 3 and 4 moderately long, the fourth slightly longer than the pre¬ 
ceding; fifth transverse. Thorax with disk variolately punctate, the punc¬ 
tures moderately coarse and separated by one to two times their diameters 
on the disk, much closer at sides and nearly contiguous at center of apex; 
base not margined at middle; front with strong mardnal lines; sides roundly 
dilated, entire; angles obtrusely subangulate. wuteTlum with several coarse 
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[ mnctures Elytron rugose, nonstriate on disk, the punctures coarse, vario- 
ate, and moderately dense, sutural stria obsolete basally and apically. 
Pygidium convex, slightly pruinose, with moderately dense and very coarse 
punctures, and apparently glabrous except for the row of hairs at apex. 
Abdomen slightly flattened, coarsely punctate, with scattered short hairs; 
fifth stemite coarsely punctate, apical margin evenly rounded; sixth stemite 
half as long as fifth, and transversely impressed All claws of moderate 
length, each with S; very small median tooth. Hind tibial spurs free, the 
longest longer than the first tarsal segment. First segment of hind tarsus 
shorter than the second; in the front and mid tarsi the first segment is equal 
in length to the second Metastemum coarsely and very densely punctate 
at sides and very sparselv so at center, with short and hardly obvious hair. 
Front tibia tridentatc, the upper tooth slightly beyond the middle in pos¬ 
tion; the middle tooth is distinctly closer to the apical than to the j^nsal 
tooth. ^ 

Length, 0.5 mm. Width, 4 mm 

The unique male type is from Mandeville, Manchester, Jamaica, collected 
November 30 to December 4, 1910, at an altitude of 2,131 feet, and is de¬ 
posited in the collection of the American Museum of Natural History, from 
where it was lent for study by Dr R. E. Blackwelder. 

P. manchesierea is nearest P. mandevillea in general relationships but 
differs especially in the smaller size, tarsal claws, much less pilose tarsi, 
pygidial and abdominal characters, and the coarser and denser puncturation. 
From Sanderson’s new species it differs especially in having a median tarsal 
claw tooth that the former lacks. 

NEW NAMES 

Whereas the name Listrochelus can not be maintained as a genus by any 
set of characters yet discovered' * and must be considered as a subgenus of 
Phyllophaga, several specific names become homonyms, and new names are 
needed. Two arc here proposed: 

Phyllopbagn (Phyllophtga) temaxa, new name 

Lachnoaterna panha Bates, Biol. Cent Amer. 2(2). 404. 1889. (Non 

Lutrochelua panhs Bates, 1888, l.c , p. 172.) 

Phyllophtga (Listrochelua) yaqul, new name 

Liatrochelaa debtlta Arrow, Ann. Mag Nat Hist, (ser 10) 11: 145. 1933. 
(Non Gynnia debtlta LeConte, 1856, non Lachnoalema debtlta Horn, 1885.) 

> Satlor, L W. Neeesaary changes tn important rhtzoirogid genera Rev Ent. 
7: 318-322. 1937 

* Satlob, L W Revieton of the heetlee of the melolonthine eubgenue Phytaliu of 
the UnUed States Proc. U 8. Nat Mua. 86 (3048)* 167-167. 1930. 
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MALACOLOGY .—A new urocoptid moUitak from Mexico.^ 11 arald 
A. Rehder, U. S. National Museum. 

Among some mollusks from the State of Nuevo Leon, Mexico, sent 
to the United States National Museum by£. J. Koestner, was an 
interesting new urocoptid, which was determined to be related to 
PropiUbrya Bartsch. 

This group was created by Dr. Paul Bartsch in 1906'' as a subgenus 
of Epirobia to include a single species Epirobia (Propilsbrya) 
nelsoni Bartsch, from the Sierra Guadalupe, Coahuila, Mexico. 
It differs radically from Epirobia in having a broader axis, an 
axial lamella, and a denticulate parietal lamella; moreover, it 
is far out of the range of the more southerly Epirobia. In the same 
publication, on page 1.51, Bartsch defined a new subgenus of Holospira 
under the name Stalactella, for the species Holospira {StaUwtella) rosei 
Bartsch, from Tehuacan, Puebla, Mexico. This species has the same 
type of lamellae as found in Proptlsbrya and has the same general 
form, but is decollate. In this group, however, the presence or absence 
of the early whorls is apparently not a differentiating character, as the 
first four or five whorls seem to be readily detachable. Among the 11 
specimens of the present new species that I have been able to examine, 
two had the apical whorls still adherent, and in one of these the first 
4 or 6 whorls dropped off during the examination of the specimen. 

We therefore may unite Proptlsbrya and Stalactella, retaining the 
first name as the generic designation for the group in question and 
placing it near Holospira, from which it differs in being slenderer and 
decollate and in possessing denticulate lamellae. 

The shell submitted by Mr. Koestner is related to Proptlsbrya (Sla- 
lactella) rosei, differing from it in the internal armature. For this spe¬ 
cies I propose the following new subgenus: 

Pectinifitenuna, n. subgen 

Shell of moderate aiso, a.\ially ribbed, with the nuclear whorls usually 
deciduous. An axial lamella is present, originating anteriorly as a cord and 
gradually becoming broader and more lamellar, furnished in the third and 
fourth whorls from the last with long, flattened, rather crowded, forward- 
curving teeth. A strong parietal lamella is also present, originating in the 
fifth whorl from the last, and in the next two whorls scalloped, or bearing 
crowded, short, broad, flattened, forward-curvnng teeth. 

Type.—Propilsbrya {Peetinistemma) koestner, new species 

This subgenus differs from typical Propilsbrya in the axial lamella being 
thin and bearing denticles and in the teeth of the parietal lamella being 

* Published by permission of the Secretary of the Smithsonian Institution. Re¬ 
ceived March 9,1940. 

' Babtbch, Paul. Proc U S. Nat Mus 31(1483): 121. 1006. 
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broader and more crowded, forming almost a thin, pendant, platelike 
lamella. 

Propilsbrya (Pectinistemma) koestnerl, n. np. Figs. 1-3 

Shell of moderate sise, slender, cylindrical, nadually tapering at the 
apex, vinaceous-brown to bluish gray in color The nuclear whorls about 3, 
rather smooth, somewhat bulbous, the following 18J whorls rather flat¬ 
tened, strongly impressed at the sjture, rather closely axially ribbed. The 
first 6 whorls arc easily detachable and generally lost, so that the shell is 
diHiollate, with the minute round perforation of trie hollow axis visible from 



FIxb 1-3 —ProptUbrya (Pedtniftemma) koentnert, n tip Fig 1 —Holotype, X3. 
Fig 2.—Paratype, immature, showing nuclear whorls, X3 Kig 3—Internal view, 
showing lamellae, X7. 


above The base is evenly rounded, the axial ribs continuing into the minute 
umbilical piTforation. The aperture is oval, the posterior portion somewhat 
flattened, and the bp entire, slightljr roflexed. The lamellae arc adequately 
described in the subgcneric diagnosis above Both lamellae terminate just 
behind the aperture and hence are not visible from the exterior, the colu¬ 
mella showing only a slight axial swelling 

The type, U S.N.M. no 536762, was collected by R A Schneider and E. J. 
Koostner on the Cerro Potosi at Galeana, State of Nuevo Leon, Mexico. 
Here it was hanging on mosses under rock outcroppings at an elevation of 
12,000 feet. It, a decollate specimen, measures: Height, 17.4 mm; width, 
5.0 mm. 

Seven other specimens, U.S.N.M no. 536763, are from the same lot. 

Three fniiihcr specimens, U.S N.M. no 4673M, were received some years 
ago from Dr S. S. Berry They were collected by S. Dickin on the north 
slope of Cerro Potosi at an elevation betwetm 10,000 and 11,000 feet. 

From PropiUbrpa ro»et Bartsch, described from Tehuacan, Puebla, this 
species differs externally in color and in the axial riblets being stronger and 
more crowded. It is, moreover, a laiwr, stouter shell, and the apicid whorls 
|te slenderer and attenuated. I'tomrrojnltbrya neUont Bartsch it differs in 
^Mng a stouter shell with more flattened whorls. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 


THE ACADEMY 

360th MEETING OF THE BOARD OF MANAGERS 


The 360th meeting of the Board of Managers was held in the Board Room 
of the Cosmos Club on Friday, April 19,1940 President Crittenden called 
the meeting to order at 8:02 p.m There were 19 present, as follows. 


E C Crittenden 
F D RoBfiiNi 
F C Kbacbk 
H. S Rappleyb 
G. Steiner 
F M. Setzler 
W. B Bell 
A. T McPberbon 
C Thom 
W A Dayton 


H L CtIRTIB 
W Ramreko 
£ W. Price 
C L Garner 
H G Dorsey 
C L Gaiin 
W W Diehl 
and by invitation: 
J H Kempton 
R J. Seeuer 


The customary reports of the standing committees were read and accepted. 
H. L Curtis, chairman of the special committee, charged with recommend¬ 
ing to the Board the appropriate action to be taken with respect to amending 
the bylaws on the subject of the offices of nonresident vice-presidents, re¬ 
ported his committee in disagreement but with the possibility of accord by 
the next meeting of the Board 

M. W. Stirling was elected by the Board to fill the vacancy caused by the 
resignation of J. F. Couch who had been elected manager at the last elec¬ 
tion. 

President Crittenden was auihonzed to appoint delegates from the 
Academy to the Fiftieth Anniversary celebration of the Ohio Academy of 
Sciences at Columbus, Ohio, May 9^-11, and to the Eighth American Scien¬ 
tific Congress at Washington, D C , May 10-18 He was also authorised to 
appoint two committees—one to consider Societies eligible for affiliation 
with the Academy and the other to consider the question of a meeting place 
for the Academy when the Cosmos Club leaves its present quarters. 

The Board adjourned at 10:02 p.m 


ANTHROPOLOGICAL SOCIETY 

The Anthropological Society of Washington at its annual meeting held 
Janua^ 16, 1940, elected the following officers for the ensuing year: Presi¬ 
dent, Frank M. Setzler; Vic^resident, Julian H. Steward; Secretary, 
Regina Flannery; Treasurer, T. Dale Stewart; members of the Board of 
Managers, George8. Duncan, Herbert W. Krisoeb, Julian H. Steward, 
Ruth Underhill, Waldo R. Wedbl. 


A reptort of tlie membership and activities of the Society since the last 
annual meeting follows. 

Membership: 

Life members. 

2 

Active members. 

. 39 

Associate members 

11 

Total. 

... . 62 

New members. 

... 6 
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Thn members elected during the year were: William N. Fenton, 
Antonio Santa Cruz, and Helen Cullinane, active members; Walter 
Bart Greenwood and Joseph R Sinqer, associate members. 

The Treasurer's report is as follows: 


Funds inve49ted in Perpetual Building Association 
(Interest for 1939 not included) 

21 shares Washinf^on Sanitary Improvement Co 
par value SIO per share 
2 shares Washington Sanitary Housing Co. 

par value $100 per share 
Cash in bank 


$1,463.42 

210.00 

200 00 
576.62 


$2,440.04 

Rills outstanding: 

To American Anthroi)ological Association $80.00 

To printer 3.76 

To Treasurer 1 93 


Total 

Total 08 of 1/16/39 


$85.68 85 68 


$2,354.86 

2,171.76 


Increase 


$ 182.60 


Papers preHentc‘d l>efore the regular meetings of the Society were as 
follows: 

January 17, 1939, 683d meeting, John M Cooper, Are the simplest living 
cultures represenUUtve of early prehistoric cultures? 

February 21, 1939, 684th meeting held jointly with the Smithsonian In¬ 
stitution on the occasion of the Eighth Arthur Lecture, Herbert J Spinden, 
Sun worship, 

March 21, 1939, 685th meeting, William E Cadieux, The Blacltfoot 
Indians of Montana. 

April 20,1939, 686th meeting, held jointly with the Washington Academy 
of Sciences, W. M. Kroqman, The skeleton tells its story. 

October 17, 1939, 687th meeting, W, W. Hill, Economic history of the 
Navaho Indians 

November 21, 1939, 688th mec^ting, David C. Graham, The customs and 
myths of the Ch*uan Miao of southwst China. 

December 19, 1939, 689th meeting, John R Swanton, De Soto's route 
through the Southeast. 

Reoina Flannery, Secretary 


BOTANICAL SOCIETY 
293d meeting 

The 293d regular meeting was held in the assembly hall of the Cosmos 
Chib, December 6, 1938, President Gravatt presiding; attendance 70. 
Rogers McVauoh, BRirrAiN B. Robinbon, Marcus M. Rhoades, 
Daniel Sullivan, and Claude Hope were elect^ to membership. 
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Notes and reviews. —M. B. YfAin called attention to the scarlet oak, 
which still showed a brilliant red coloring while the usual autumnal coloring 
was about October 10. He also displayed a plant of Mammoth Maryland 
tobacco in flower which had survived two heavy frosts The tobacco crop 
had been harvested about the first of September. Charles Thom cidiibitcd 
a new book, Introduction to industrial myadogy, by George Smith. 

Program. —Perrins Coville; Prame sheUer belt work of the U. S. Forest 
Service. 

38tU annual MEBTINn 

The 38th annual meeting was held immediately following adjournment 
of the 203d regular meeting, G F. Gravatt presi^ng. 

James F. Couch read an obituary for V K Chebnut; John A. Stevenson 
for B. T. Galloway; Charles Fi. Chambliss for Frank Lambon-Scribnbr; 
H. P. Barss for Fred C. Meier; C E Leighty for Guy N Collins. Emma 
F. SiRRiNE was elected to honorary membership. 

The following officers were elected for 1039: President, Charles Thom; 
Vice-President, Charlotte Elliott- Recording Secretary, Alice M. 
Andersen; Corresponding Secretary, Nellie W. Nance; Treasurer, Ken¬ 
neth B. Raper Nominated for Vice-President of the Washington 
Academy of Sciences, G. F. Gravatt 

294th meetinq 

Th(' 294th regular meeting was held in the assembly hall of the Cosmos 
Club, January 3, 1939, President Charles Thom presiding, attendanee 90. 
Harry Humpeld was elected to membership 

Notes and renews.—M. B. Waite called attention to the fact that many 
tree seeds require a resting period before they will germinate, but that he had 
ol»erved that the acorn of the rock chestnut oak does not require a resting 
period and germinates immediately upon falling to the ground. In November 
the roots of the seedlings were 6 inches long. 

Program.—W. M. Lunn, D. E Brown, J McMurtrby, and W. W. 
Garner: Tobacco and weeds. —It was soon observed in colonial days that 
virgin soil produced good )nelds of tobacco and that the leaf had a finer tex¬ 
ture and lighter body, better suited to the market demands of the period, 
than that grown on the older cultivated areas The same holds true at the 
present time. Consequently, in order consistently to produce the desired 
type of leaf the early settlers and their successors continued to clear the 
forested areas until in time most of the land suited to tobacco in the older 
tobacco-producing regions had been brought into cultivation. Subsequently, 
crop rotation and the use of manures and fertilisers have been tried in an ef¬ 
fort to maintain yields and quality on old land but these practices have not 
proved satisfacto^ on all soils and with all crop combinations. 

It is clearly evident from the results presented that tobacco that is fer¬ 
tilised intelligently and grown after natural weed fallow of suflScient duration 
possesses in a large measure those characteristics which were early observed 
in the crop grown on virgin land. The crop grown after bare fallow has shown 
a rapid decline in yield and etimr value, demonstrating that the cover of 
spontaneous vegetation is the Keystone of the system rather than simply al¬ 
lowing the land to remain idle. 

The tests conducted with individual weed and crop plant species have 
consistently shown that certain species are much more desirable than others. 
Ragweed and horseweed as the preceding cover crop have produced marked 



320 JOCBNAL or THS WABHINOTON ACADBVT OF BClCftCW VOL. 30, NO. 7 

I 

increases in yields and especially in values of the tobacco crop over results 
obtained from bare fallow.^On tne other hand, following lamb’s-quarteis the 
tobacco crop has actually shown reductions in yields and value as oompaned 
with bare fallow. In these tests annual lespedcia has shown no advantage 
as a cover crop to precede tobacco, sweet clover, rabbit’s-foot clover, and 
wild pea have not always shown a decided advantage, while partridge pea 
has produced some, increase in yield. While the natural weeds occurring in 
these teste consisted principally of those species in pure stands which pro¬ 
duced high quality leaf, it is possible that the ones found to be objectionable 
might predominate under some conditions, with a resulting harmful effect 
on the succeeding tobacco crop. It is hardly to be expected that a given weed 
species would have the same effect on tobacco on all soils or under all condi¬ 
tions. 

The general beneficial effect of the weed fallow was the promotion of a 
quick start and very rapid and uniform growth of the tobacco plants from 
transplanting tunc to maturity. Within normal limits this result is, in tqcq^ 
associated with a uniformly high market value per acre and average tilee 
per pound which demonstrates that the resulting product meets current de¬ 
mands for most manufactunng purposes. 

J. H. Mahtin: Cleaniv/g 20 mtUton busheU of wed grain (lantern).—Aver¬ 
age pain from the spring-wheat States contains more than 2 percent by 
weight of weed seeds, chiefly wild oats, mustard, and pigeon pass. Nearly ^ 
20 million bushels of Government-owned wheat, oate, barley, and flax were 
cleaned for seeding in drought-stricken areas in 1934-35. Seed separation by 
mechanical means is possible when the seeds differ appreciably in specific 
pavity, length, or thickness. The most complete separations are accom¬ 
plished ^ means of pocketed discs or indented cylinders when seeds differ in 
length, Suction separates better than air blasts. Mustard seeds roll over 
screen perforations and are difficult to separate completely from grain. 
Quackpass seeds could not be separated completely from oats or flaxseed. 
Mechanical cleaning increased the test weight of wheat slightly, barley con¬ 
siderably, and oate remarkably, but reduced that of flaxseed by roughening 
the seed coats and preventing close packing. 

Alice M. Andersen, Recording Secretary. 



JOURNAi^ 

OF THE 

WASHINGTON ACADEMY OF SCfENeES*^^ 

Voii. 30 August 15, 1040 No. 8 

PALEONTOLOGY.— Seven new genera of Carhoniferoua Crinoidea 
Inadunata} Edwin Kirk, U. S. Geological Survey. 

A considerable number of inadunate crinoids with turbinate dorsal 
cups, three anal plates in the cup, and with varying arm structures 
have been described from the Carboniferous. In earlier years these 
species were, as a rule, described as Poteriocrtnua or Scaphiocrinns. 
Latterly many of them have been referred to Pachylocrinus or Scytalo- 
crinus. The assignment has been based primarily on whether the arms 
divide above the first dichotom. A study extending over a number of 
years of practically all the described species and a considerable series 
of undescribed species has shown that such a casual grouping obscures 
both the biologic and stratigraphic relationships of the crinoids. In 
some cases, owing to the poor quality of the types and uncertainty of 
accurate placement of well-preserved material, description of the 
genera will have to wait upon description of adequate specific material. 

In forming these inadunate genera and others to be established, 
consideration has been given to all known species and large numbers of 
undescribed species. It may seem at times that some of the genera are 
too closely circumscribed. However, one must either use the inclusive 
genera of the past with stratigraphic ranges in some cases from the 
Silurian to the Carboniferous, or attempt to delimit phyletic groups 
that have real stratigraphic and genetic significance. Hundreds of 
complete crowns are available for study in the museums. These give 
pertinent information as to ontogenetic development and permissible 
variation in structures. In the case of most genera they also furnish 
adequate phylogenetic series. 

Blothrocrinus, n. gen. 

Genotype.—Poterioerintu jesupi Whitfield. 

Oenerte diagnosie .— 

Crown. Very high, widening gradually distad, then gradually contracting. 
Dorsal cup. Turbinate; plates smooth. 

IBB. High, forming an appreciable amount of the cup wall. 

BB. Large. 

* Pubiiihed by permiaslon of the Director, Geological Survey, U S. Depertnent 
of the Interior. Ree^ved March 19, 1940. 

321 



322 JOintNAL OF THE WASHINGTON ACADBUT OF SCIENCES TOL. 30, NO. 8 


RR. Lsrge; articulating facet full width of R, slightly curved, suture not 

IBr. * ^wo in all rays except anterior (irregularly one IBr in early species); 
in ant R, IBr range in tiumber from 3 (one speeimen) to 14 as seen, the 
average being about 10. 

Anns The arms are very long, rounded, and with slightly cuneatc 
brachials. In earlier Hpeeies and in some of the later ones the arms are 
endotomous, with two or three divisions above the primanl. In some 
species the first admedian ramus divides, giving approximately iso- 
tomous arms but leading toward para-endotomy. 

Post IR. Three anal plates in cup, RA large, penetrating between the post 
B and r post B to about one-half their height; X large, meeting post B 
on wide, horizontal face, about one-half the plate rising above the le\cl 
of the RK. RT large, extending well above level of RR 

Ventral sac. The ventral sac is imperfectly known. A portion of ventral 
sae with fragments of arms was identified by Springer (1900) as 
Blothrocrtnus awallowt According to this, the ventral sae was long and 
slender and made up of fragile plates, plentifully pierced with pores 
along their margins Another specimen, a partial set of arms, shows a 
portion of the sac similar to that figured by Springer. The sac extended 
nearly to the tips of the arms. 

Column. Circular in section with pentagonal lumen. 

Characiermltc speeiea of the genua — 

Blothrocrinus cultidactylua (Hall), n. comb. 

Potenoennua culitdactylua Hall, p. 62, 1860. “Base of the Burlington lime¬ 
stone, near Hamburgh, Illinois.’*—Worthen, p. 301, pi. 30, fig. 1,1883. 

Poten'omntu (Scaphtocrinua) cultidactylua Wachsmuth and Springer, p. 114 
(337), 1880 

Scaphtoennua cultidactylua Wachsmuth and Springer, p 237 (161), 1886 

Blothrocrinus jesupi (Whitfield), n. comb 

Potenoennua jeaupi Wliitfield, p. 7, pis 1, 2, 1881. “Burlington limestone, 
Burlington, Iowa ” (Upper Burlington ) 

Pachyloennua jeaupt Springer, p. 71, 1926. 

Seaphiomnua awaUom (Meek and Worthen) (pars). (Cited as synonym of.) 

Wachsmuth and Springer, p. 235 (159), 1880. 

Blothrocrinus spartarius (Miller and Gurley), n. comb. 

Potenoennua apartanua Miller and Gurley, p. 37, pi. 7, fig. 1,1890a. “Kinder- 
hook, Le Grand, Iowa.” (Hampton formation.) 

Pachyloennua apartanua Springer, p. 71,1928.—Laudon and Beane, p. 254, 
pi. 19, fig. 5; pi. 18, fig. 2,1937. 

Poteriocrinua acopae Miller and Gurley, p. 38, pi. 7, fig. 2, 1890a. 

Potenoennua geniata Miller and Gurley, p. 38, pi. 7, fQ;. 3, 1890a. 

Blothrocrinus swallow! (Meek and Worthen), n. comb. 

PofmomntwsvoUovtMeekandWorthen, p. 397,1860—Meek and Worthen, 
p. 183, pi. 16, figs. 4a, b, 1866. “Burlington limestone, Burlington, Iowa.” 
(Upper Burlington.) 

Potenoennua {Scaphioerinua) awolUm Wachsmuth and Springer, p. 114 
(337), 1880. 
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Oeologte and geographic dislribidion —Blothrocrintu as known ranges from 
the Kinderhook to the Biirlington-Kcokuk “transition beds” of the Misras- 
sippi Valley. 

Relattonehipa —In its arm pattern Blothroerinua resembles Pachylocrintu, 
tho only described genus with which it can be compared. The presence of 
numerous IBr in the anterior ray and the long, slender rami of Blothroerinua 
as against the consistent two IBr and short rami of Paehyloennua arc the 
more obvious differences in arm structure The turbinate dorsal cup of 
Blothrocnnua is in marked contrast to the depressed bowl-shaped cup of 
Pachylocrinua The ventral sac of Blothrocnnua is long and slender, while 
that of Paehyloennua is relatively short and stout 

Remarks .—It has been the custom to identify all large Blothrocnnua from 
the upper Burlington as awallom Meek and Worthen Blothrocnnua jeaupt, 
here chosen as genotype, may or may not be synonymous with atoaUowi. 
The original description and the poor figure of the badly preserved type of 
awaUowt make it impossible to identify the species with certainty. It has 
seemed wise to choose the splendid specimens used as types of jeaupi 

CydrocrinuB, n gen 

Genotype.—Poleriocnnua coxanua Worthen 

Generic dtagnoaia .— 

Crown. Of medium height, compact, expanding gradually to about three- 
fourths its height, then contracting 

Dorsal cup. Broadly turbinate, cup plates relatively thin, unornamented. 
IBB. Large, making up an appreciable amount of the cup. 

BB. Lar^ 

RR. Articulating facet full width of the R, slightly crescentic Suture not 
gaping 

IBr Two m all rays (variation possible in ant R, as apparently in the type 
specimen of C conannua, the only case known). 

Arms Para-endotomous, that is, each half-ray is endotomous Two to 
three divisions in each half of the half-ray, giving a great number of 
closely crowded rami. Br wedge-shaped to cuneate. Pinnules long, 
moderately stout. 

Post IR. RA large, pentagonal, not entering deeply between the post and 
r post BB. X large, extending well above the level of tho R. RT smaller. 
Ventral sac. Unusually broad and stout, composed of large plates with 
radiating ridges, nodose, but not spinous The sac has a height of about 
three-fourths or three-fiRhs the height of the crown 
Column. Circular in section, lumen pentalobate. 

Charactenatic apeciea of the genua .— 

CydrocrinuB conchmui (Meek and Worthen), n. comb. 

Potenocrinitea (Zeacrinuaf) concinnua Meek and Worthen, p. 26, 1870.— 
Meek and Worthen, p. 490, pi. 14, fig. 3, 1873. (Called Zeacrinua con- 
dnnua in explanation of plate.) “Keokuk, Crawfordsville, Indiana.” 
(Upper Borden.) 

Poterioennua {Pachylocrinua) concinnua Wachsmuth and Springer, p. 116 
(339), 1880. 
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CydrocrlnuB coxaniw (Worthen), n. comb. 

Poleriocnnua coxantu Worthen, p. 4, 1882. “Upper part of Keokuk lime¬ 
stone, Hamilton, Illinois.”—Worthen, p. 260, pi. 27, fig. 1, 1883. 
Scaphiocrinua eoxanua Wachsmuth and Springer, p. 237 (161), 1886. 
Pachylocnnua eoxanua Springer, p. 71, 1926 

CydrocrlnuB BubramuloBUS (Worthen), n. comb 
Poteriocrinua avbramvloaiu Worthen, p 14, 1882.—Worthen, p. 284, pi. 

27, fig. 6, 1883. "Keokuk limestone, Keokuk, Iowa ” 

Polcnocrinua (Scaphiocrinua) awaUoun Meek and Worthen (pars) (Cited as 
aynonym of) Wachsmuth and Springer, p. 237 (161), 1886. 

Geologic and geographic diatribution. —The genus as known ranges from 
the upper Burlington of Iowa (undeseribed species) to the upper Borden of 
Indiana and Keokuk of Iowa 

Relationahipa. —SuiwrAeially Cydrocrinua most nearly resembles BloUtro- 
ennua. The relatively short, compact crown of Cydrocrinua, with its numer¬ 
ous rami, as against the very long, slender crown of Blothrocnnua is a most 
obvious difference. In Cydrocrinua all rays normally have two IBr against 
the numerous IBr in the ant II of Blothrocnnua The relatively short, very 
stout ventral sac of Cydroennua, composed of large heavy plates, is in marked 
contrast to the long, slender, fragile sac of Blothrocnnua The turbinate cup 
and para-endotomous arms of Cydroennua are in marked contrast to the de¬ 
pressed cup and endutumous arms of Pachylocnnua. 

Ascetocrinus, n. gen. 

Genotype —Scaphiocnnua ruahccUua White 

Generic diagnoaia — 

Crown. Tall, slender, compact, expanding slowly to about three-fourths 
its height, then contracting. 

Dorsal cup. Subturbinate, with flattened base. Pits at angles of plates. 
Very fine linear ornamentation 

IBB. small, practically concealed by column, but showing in side view. 
BB. Medium siee. 

RR. Liargc; articulating facet extending full width of R, linear to slightly 
crescentic; suture slightly gaping. 

IBr. One in all rays, high, deeply constricted medially. 

Arms. _ Long, slender, endotomous Two or three divisions above the prim- 
aidl. In one specimen in one ray the first admedian ramus divides. Br 
high, with marked lateral shoulders for support of pinnules, giving the 
ramus a Decadoennua-liket sigsag appearance. Pinnules long, slender. 
Post IR. RA large, pentagonal, seated well down between post and r post 
BB. X large, extending upward well above the radial facet RT large, 
lying mostly above the level of the radial facet. 

Ventral sac. Slender, composed of about eight vertical series of plates on 
the posterior side, with pores at angles. Sac about one-half the height 
of the arms, recurved. 

Column. Stellate in section in iiroximal position; pentagonal, with concave 
faces, changing to circular in section going distad. Nodals prominent. 
Lumen pentagonal. 

Charaeterialic apeciea of the genua .— 
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Ascetocrinus ruBticellus (White), n. comb. 

Scaphiocrintu rusltcellus White, p. 605,1863. 'Lower division of the Burling¬ 
ton limestone, Burlington, Iowa.”—Keyes, p. 212, pi. 26, fig. 1, 1894. 
Poteriocrinua (Scaphioennua) rualtcelhia Wachsmuth and Springer, p. 113 
(338), 1880. 

Abrotoennua ruattcellua Springer, p. 72, pi. 16, fig. 11, 1926 
Ascetocrinus white! (Hall), n. romb. 

Scaphiocnnua whitet Hall, p 306, 1861 —Hall, p. 7, 1861a “Burlington 
limestone, Burlington, Iowa.’’ (Ijower Burlington.) 

Poterioennua whtlei Wachsmuth and Springer, p. 112 (337), 1880. “Lower 
Burlington limestone.’’ 

Otologic and geographic diatribulton —Known at present only in the lower 
and upper Burlington limestone^s of Iowa 

Relaltonaktpa .—Springer (1926, p. 72) referred Aacetoennua ruaitcellna to 
Abrotoennua Miller and Gurley. Abrotoennua he defined as a Pachyloertnua 
with a pentagonal column, this character being “not a very reliable one.” 
As a matter of fact, Abrotoennua is a well-characterised genus Aacetocrinua 
differs from Abrotoennua in many respects. The compact, narrow crown of 
Aaeetocnnua is in marked contrast to the irregular, expanded crown of 
Abrotoennua. In Abrotoennua there are many IBr in the ant R as against the 
single IBr in Aaeetocnnua The dorsal cup of Aacetocrinua is much less de¬ 
pressed than that of Abrotoennua The ventral sac in Abrotoennua is stout, 
expanded in its apical portion, and usually spinous. The sac of Aacetocrinua 
is very slender, short, and delicate. 

Hypselocrinus, n. gen. 

Genotype —Potenoennua hovryt Worthen 
Genenc dtagnoata — 

Crown. Very high, slender 

Dorsal cup. High, narrowly turbinate. 

IBB. High, making up an appreciable part of the dorsal cup 
BB. Large; r post B supporting RA on its upper sloping shoulder; post B 
supporting X and RA. 

RR. Large; articulating facet full width of the R, linear. 

IBr. One in all rays, except anterior Ant ray one IBr or atomous. IBr 
long, constricted medially in earlier forms, slightly constricted, broad 
and shorter in later species (two IBr exceptionally found in one or two 
rays). 

Arms. Very long, slender, typically not dividing above main dichotom (ir¬ 
regular divisions of rami rarely noted in upper Borden). Ant ray 
typically atomous, in some species dichotomous. Br cuneate. An adult 
specimen of Hypaelocrinua hoveyi with a cup 1.7 cm in height has arms 
26 cm long. Pinnules long, slender. 

Post IR. Three anals in cup; RA high on upper shoulders of post and r 
post BB; X larp, extenuing well above level of r post R. RT approxi¬ 
mately ono-half within the cup. 
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Ventral aac. Long, slender, composed of 10 or more vertical series of hexa¬ 
gon^ plates, wider than high. Sac six to seven times the height of the 
cup. A ventral sac 9.8 cm in length has a width of but 1.2 cm. 
Column. Circular in section. 

Charactenstic apeciea of the genua .— 

Hypselocrinus arcanus (Miller and Gurley), n. comb. 

Polenocnnua arcanua Miller and Gurley, p. 20, pi. 5, fig 4, 1800. “Keokuk 
Group, Washington County, Indiana." 

Hypselocrinus boonvillensis (B. A. Miller), n comb 

Polenocrinua boonmllenata S. A Miller, p. 42, pi. 8, figs 3, 4, 1801 “Keokuk 
Group, Boonevillo, Missouri.” 

Hypselocrinus calyculus (Hall), n. comb. 

Polenocrinua calyculua Hall, p. 553, nl 0, figs 6a-c, 1868 “Burlington lime¬ 
stone, Burlington, Iowa ”—Hall, pi. 2, fig. 11, 1860 
Scaphioennua calyculua Hall, pi 6, fig 1, 1872.—Wachsmuth and Springer, 
p. 120 (345), 1880 

Hypselocrinus douglassi (Miller and Gurley), n comb. 

Polenocnnua douglaaat Miller and Gurley, p. 83, pi. 5, figs. 16, 17, 1896a. 
(Madison limestone.) 

Decadoennua douglaaat Laudon, p. 68, pi. 7, fig 7,1933 

Hypselocrinus hoveyl (Worthen), n. comb 

Polenocnnua hoveyi Worthen (in Worthen and Meek), p. 516, pi. 29, fig. 6, 
1875. “Keokuk, Crawfordsvilic, Indiana " (Upper Borden.) 
Scylalocrinua hoveyi Springer, p 146, pi. 16, fig. 8, 1900 
Poleriocnnua {Scylalocrinua) robuatua (Hall) (pars) —Wachsmuth and 
Springer, p. 118 (343), 1880 

Hypselocrinus maccabei (Miller and Gurley), n. comb. 

Poleriocnnua maccahet Miller and Gurley, p 34, pi 3, figs. .3-6, 1894. 

“Kinderhook Group, Le Grand, Iowa." (Hampton formation) 
ScyUAocnnua maccahet Laudon and Beane, p 258, pi. 17, fig. 13; pi. 18, figs. 
6, 7; pi 19, fig 6, 1937. 

Poleriocnnua maccabei var. decreptlua Miller and Gurley, p. 36, pi. 3, figs. 
9-12, 1894. 

Poleriocrintu hammondt Miller and Gurley, p 35, pi. 3, figs 7, 8, 1894. 

Hypselocrinus nucrodactylus (Meek and Worthen), n. comb. 

Potenoennitea {Scaphtoennua) maerodactylua Meek and Worthen, p. 140, 
1869. “Lower Burlington, BuHington, Iowa."—Meek and Worthen, p. 
415, pi. 2, fig. 9, 1873. 

Polenocrinua {S^Uuoennua) macrodaclyltta Wachsmuth and Springer, p. 
117 (342), 1880. 

Hypselocrinus neglectus (Miller and Gurley), n. comb. 

Poterioerinua negleetua Miller and Gurle^i p. 31, pi. 4, figs. 3-4i, 1896. 
“Keokuk Group, Booneville, Missouri." (Warsaw.) 
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Hypsalocrinaf plelaa (Hall), n. comb. 

Pofertom'ntM pletM Hall, p. 8,1863 —Hall, p. 57,1864.—Hall and Whitfield, 
p. 173, pi. 12, fig. 8, 1875. “Waverly group, lUchfield, Summit county, 
Ohio.” 

PoterioerinuB {Decadoennua) pkias Wachsmuth and Springer, p. 110 (342), 
1880. 


Hypaelocrinua tethya (Meek and Worthen), n. comb. 

Potenocrinites (Scaphiocnnua) telhya Meek and Worthen, p. 143, 1860. 
“Upper Burlington, Burlington, Iowa.”—Meek and Worthen, p. 419, 
pi. 2, fig. 13, 1873.—Wachsmuth and Springer, p. 114 (330), 1880 

Oealogic and geographic diatribtUxon. —As known, the genus ranges from 
the upper Burlington to the upper Borden. 

Relaltonahtpa —Hypaelocrinua among described genera most nearly re¬ 
sembles Scytalocrinua. Seytalocnnua has relatively short, stout arms as 
against the long, relatively slender rami of Hypaelocrinua In Scylaloertnua 
the IBB lie in a depression in the species with bowl-shaped dorsal cups and 
arc barely visible in side view in the campanulate species In Hypaelocrinua 
the IBB are prominent atid high They form an appreciable part of the cup. 
The ventral sac of Hypaelocrinua is very long and slender. In Scytalocrinua 
the sac is short and relatively stout. 

Kemarka. —It does not seem desirable to separate those species with two 
rami in the anterior radius from the typical form with a single ramus. 
Atomous and dichotomous anterior radii are Ijoth found in such compact 
genera as Scytalocrinua and Decadoerinua, while in Graphioennua arm reduc¬ 
tion is carried outside the anterior radius, and one specimen has but seven 
rami. In Phanoennua of the Chester one or more species show but five rami 
in a usual 10-rami genus, and in other species an occasional ray, usually the 
anterior, is atomous In this case there could be no valid excuse for separat¬ 
ing the forms generioally 

Sladen (1878, p 246) proposed the new genus Daelyloennua pro D. loreua 
n. sp ^Potenoennua tenuia Austin non Miller The generic name had been 
preoccupied by Quenstedt (1876). The genotype is obviously a very young 
individual and its affinities uncertain Such characters as are shown in the 
poor illustrations are essentially those of Hypaelocrinua. The adult crinoid 
may have been quite different, however. 

PotenocrinuB fuaiformia Hall is referable to this genus. The name was pre¬ 
occupied by Roomer, but no new name should be proposed. The species was 
based on a dorsal cup and IBr only and may well be identical with Hypaelo- 
ennua tnacrodactylua (Meek and Worthen). 

Hlatocrlnua, n. gen. 

Genotype.—Poteriocrinua {Scylalocriniu) grandta Wachsmuth and Springer 

Generic diagnoaia — 

Crown. Ckimpact, hi^h. 

Dorsal cup. Subturbmate, plates thin, smooth, or with faint radial plica¬ 
tions. 
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IBB. Well exposed in aide view. 

BB. Medium sise. 

RR. Articulating facet slightly crescentic, extending nearly the full width 
of the R. Suture not gaping. 

IBr. Two in all rays except anterior. Ant ray two IBr or atomous. 

Arms. Moderately stout, composed of cuheate brachials Arms dichotomous 
except in anterior ray, which may be dichotomous or atomous (tyj^cal.) 
The Burlington species alone of the known species is dichotomous in the 
anterior ray. The pinnules are moderately stout and stand out stiffly 
from the ramus. 

Post IR. RA is large, resting subequally on post and r post BB. X is of 
about the same siic as RA and extends well above the level of the RR. 
RT is smaller and lies almost entirely above the level of the RR. 
Ventral sac. The ventral sac is subcylindrical, expanding slightly distad. 
The tube is reflexed, carrying the tip of the sac and the anal opening 
well down on the anterior side. On its posterior side the sac shows five 
vertical scries of plates. This is one of the genera in which Spnnjror 
(1900, p. 144) demonstrated the presence of pores in the ventral sac. The 
plates at the distal recurved portion of the sac are tumid to subspinous. 
Column. The column is circular in section and made up of prominent 
scries of nodals and intemodals. 

Charaeteriatic apeeiea of the genua — 

Histocilnus grandls (Wachsmutb and Springer), n. comb. 

Potenoennua {Scyialocnnua) grandia nom. nov. pro Potenoennua coreyi 
Worthen 1875, non PolenocrtntUa (Seaphtoennua) coreyt Meek and 
Worthen 1869.—Wachsmuth and Springer, p 118, 1880. 

Deeadoertnua grandta Wachsmuth and Springer, pi. 7, ^s 4, 5, 1897. (The 
figures are, however, Deeadoertnua lumtdulua (Miller and Gurley).) 
Poteriocrinua eoreyt Worthen (in Worthen and Meek), p. 516, pi. 29, figs. 
2, 3a, b, 1875. 

Histocilnus graphicus (Miller and Gurley), n. comb. 

Seaphtoennua graphtcua Miller and Gurley, p 50, pi. 10, fig 4, 1890. "Keo¬ 
kuk Group, Crawfordsville, Indiana." (Upper Borden ) 

Histocilnus juvenls (Meek and Worthen), n comb. 

Poteriocrinitea {Scaphioertnua) juventa Meek and Worthen, p. 146, 1869 
"Lower Burlington, Burlin^on, Iowa."—Meek and Worthen, p. 417, 
pi. 2, fig. 8, 1873. 

Potenoennua (Deeadoertnua) juventa Wachsmuth and Springer, p. 119 (342) 
1880. 

Oeologie and geographic iiatrtbution .—^The genus as known is found in the 
Burlington and Keokuk of the Mississippi Valley and the Borden of Indiana. 

Relationahipa.—Hiatoerinua combines characters diagnostic of the im- 
related genera Deeadoertnua and Hypedoerinua. The erect, stout arms with 
their heavy comblike pinnules are similar to those of Deeadoertnua. The 
subturUnate cup, the relatively thin, smooth cup plates, and the large 
prominent IBB could fall under Hypeeloerinua. The ventral sac is struc- 
^^prally like Deeadoerinua but is relatively shorter. The presence of two IBr, 
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the character of the arms, and the more turbinate cup distinguish Hiato- 
ennua at once from ScytalocHnua. 

One must consider the possibility of intergeneric crosses among the 
crinoids. This is by no means the only instance of combined generic char¬ 
acters suggesting such a cross. 


PhacelocrinuB, n. gen. 

Genotype,—Poleriocnnus xoetherbyi S. A Miller. 

Generic diagnona .— 

Crown High, subcylii^drical or spreading distad. 

Dorsal cup. Subturbinate to campanulate. 

IBB High, making up an appreciable part of the dorsal cup. 

BB. Medium siee; r post B supporting RA; post B supporting X and RA. 

RR. Large; articulating facet full width of R, slightly crescentic, suture 
gaping 

IBr. Two or fusing irregularly to one compound brachial, though suture 
can often be seen In both cases the compound brachial is very high 
and deeply constneted medially 

Arms. Two undivided rami to the ray is typical. In some of the Chester 
specimens irregular branching occurs. Br cuneate, with long, slender 
pinnules The maximum length of arms seems to be about six or seven 
times the height of the cup. 

Post IR Three anal plates in cup. RA penetrates well down between post 
and r post BB. X extends above level of RR, sometimes separated from 
post B in the Chester forms. RT mostly out of the cup. 

Ventral sac. Cylindrical, with a maximum height of about four times that 
of the cup. Composed of vertical series of hexagonal plates of nearly the 
same height and breadth. 

Column. Pentagonal in section. 

Charactenatic spectea of the genua — 


Phacelociinus blsselli (Worthen), n. comb. 

Polenocnnttea btaaeUt Worthen (in Meek and Worthen), p. 646, pi. 21, fig. 
4, 1873. "Chester, Chester, Illinois." 

Potenoennua {Scytalocrinua) btaaellt Wachsmuth and Springer, p. 117 (340), 
1880 


Phacelocrlnus columbienslB (Worthen), n. comb. 

PoUrioennua eolumbienaia Worthen, p. 22, 1882. "Chester limestone, near 
Columbia, Monroe county. Ill." (Renault.)—Worthen, p. 203, pi. 29, 
fig. 6, 1883. 

Decadoerinua eoluTtibienaia Wachsmuth and Springer, p. 239 (163), 1886. 


Phacelocrinus dtctjdifomila (Hall), n. comb. 

Scaphiocrinua daetylifortnia Hall, p. 670, pi. 17, fig. 6, text fig. 105, 1858. 

"St. Louis limestone: St. Louis, Missouri." 

Poteriomnua (Scaphiocrinua) dactyltformia Wachsmuth and Springer, p. 112 
(336), 1880. 
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PhacclocrinuB decabrachiatas (Hall), n. comb. 

Scapkiocnnus deeabraehuUw Hall, p. 670, pi. 25, fif. 1, text fig. 106, 1868. 
“Kaskaskia limestone: Kaskaskia, lUmois.” (St. Louis limestone fide 
Worthen, 1883.) 

Poleriocrinua {ScyUUocrinua) decabrachiatua Wachsmuth and Springer, p. 117 
(340), 1880. 

I^celocrlnus gracilis (Troost), n. comb. 

Agaasizocnmtea graciha Troost, p 420, 1840. (Nom. nud.)—Troost, p. 62, 
1860. (Nom. nud.)—Troost, p. 88, pi. 11, fig. 0, 1000. 

Scylalocnnuat gractlta Wood (in Troost), p. 88, 1000. “St. Louis limestone. 
Huntsville, Alabama.” (“Ste. Genevieve.") 

Phacelocrlnus Intemodlus (Hall), n. comb 

Scaphtocrinua ttUemodtua Hall, p. 670, pi. 26, fig. 2, text fig. 107, 1868. 
“Kaskaskia limestone: Chester, Illinois.” (St. Louis limestone fide 
Worthen, 1883. Possibly Ste. Genevieve ) Wachsmuth and Springer, p. 
113 (336), 1880. 

Phacelocrlnus longldactylus (McChesney), n. r.omb. 

Scaphtocrinua lonmdactylua McChesney, p. 7, text fig., 1860. “Kaskaskia 
division of the Carboniferous limestone, Kaskaskia, Illinois.”—Mc¬ 
Chesney, pi. 4, fig 4, 1866—McChesney, p. 4, pi. 4, fig. 4, text fig., 
1868. “Chester division of the sub-carbomferous limestone, Kaskaskia, 
Illinois.” 

Potertoennua {Scytalocrinua) deccbrachtatua Hall. (Cited as synonym of.) 
Wachsmuth and Springer, p. 117 (340), 1880. 

Phacelocrlnus vanhomel (Worthen), n. comb. 

Potertoennua varihomei Worthen (in Worthen and Meek), p 617, pi. 31, figs. 

2, 3, 1876. “Upper division of St. Louis group, Alton, Illinois.” 
Polenocrinua {Scybdocrinua) vanhomet Wachsmuth and Springer, p. 118 
(343), 1880. 

Scytalocrinua vanhomet Keyes, p. 213, pi. 26, fig. 3, 1894.—Springer, p. 
146, pi. 16, fip. 13, 14, 1900 

Potenocrinua arreclariua Miller and Gurley, p. 33, pi. 4, fig. 6,1896. 

Phacelocrlnus wachsmuthl (Wetherby), n. comb. 

Scytalocnnua wachamuthi Wetherby, p 166, pi 6, fig. 4, 1880. “Kaskaskia 
(Chester) Group, Pulaski county, Kentucky.” (Glen Doan.)—Wachs¬ 
muth and Springer, p. 238 (162), 1886 

Phacelocrlnus wetiierbyl (S. A. Miller), n. comb. 

Poterioerinua tvetherbyi S. A. Miller, p. 36 (6), pi. 8, figs. 1, la, b, 1879. 

'Kaskaski^ Pulaski county, KentucW.” (Glen Dean.) 

Poterioerinua (Scytalocnnua) vetherbyi WMlumuth and Springer, p. 118 
(343), 1880. 

Qeologie and geographic distribution.—Pkaeeloerinua ranges as known from 
the St. Louis to the upper middle Chester (Glen Dean) of the Mississippi 
Valley, Alabama and Kentucky. An undescribed species is known in tbo 
Greenbrier of Maryland. 
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RekUumahipa.—PhactHocrinua in its aunplicity of form resembles Hypsdo- 
crt'nus. No one, after handling specimens of the two genera, would have 
difficulty separating them, even in the case of dorsal cups. The arms of 
Phacelocrtnua arc relatively shorter and stouter than in Hypadoennua in 
comparing similar stages in phylognny. In PhaeeUxrinua the IBr are either 
clearly two in number or have fused into a high, compound brachial, deeply 
constricted medially. This lack of fusion of the two plates is very apparent 
in the St. Ixjuis species, though the degree of fumon varies among the rays 
of the same specimen Even in the Chester, however, cither through incom¬ 
plete fusion or fracture on the suture, the compound nature of the brachial 
is often seen In Hypaelocnnua there is but a single primibrach, and when 
occasionally a variation showing two primibraehs is found in one or two 
rays, the second is obviously an additional brachial The gaping articulating 
sutures of Phaceloennua arc in marked contrast to the close union in 
Hypaelocnnua as usually seen The column in Phaceloennua is pentagonal in 
section, as against the round column of Hypaelocnnua The ventral sac of 
Phaceloennua is relatively shorter and composed of larger plates than in 
Hypaelocnnua. 


Pegocrinus, n. gen. 

Genotype —Polenocnnua btjugua Trautschold. 

Genenc diagnoata — 

Crown High, compact, arms attaining a length 15 times or more that of 
the dorsal cup 

Dorsal rup Broadly turbinate Plates thick. 

IBB Small, partially anchylosed into a firm disk, clearly visible in side 
view. Sutures well shown. 

BB. Variable in sue and shape, barely miHiting laterally or on very short 
faces The post B is high and narrow, supporting RA on its long, upper 
right shoulder Above it barely meets anal X. R post B is large, sup¬ 
porting RA on a narrow face 

RR Large. Articulating facet the full width of the R. Suture not gaping 
The upper surface of the R is ve^ deep. There is a prominent fulcral 
ridge and a deep ligament pit. There is a large, well-defined pmr of 
muscular fossae The apposing edges of the R and IBr along the suture 
arc strongljr crcnulate. 

IBr. Variable in number without respect to the rays. Two or three in 
number, usually two 

Arms. Long and massive, two undivided rami to each ray. Br low, quad¬ 
rangular or with slightly sloping faces, each bearing a long, stout pinmde. 
Food groove shallow, no axial canal. Margins of Br crcnulate. 

Post IR. RA small, elongate, narrow. Anal X small, high, narrow. RT 
small, in some cases barely contacting RA. 

Ventral sac. Poorly known. One spMimen shows the partially dissociated 
plates in approximately their original position. According to this, the 
sac is short, erect, and fairly stout in relation to the dorsal cup. The 
plates are small and thin, forming a fragile structure. 

Column. Circular in section, with stellate lumen. 

Charaelenalic apeciea o/ the genua .— 
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Pegocrinuft bljugus (Trautsohold), n. comb. 

PoUnocrinuM bijuguB Trautschold, p. 14, pi. 4, figs. 1-3, text fig., 1807. 
Junger Bergl^lk (Moscovian), Miatschkowa, Russia.—Trautwhold, 
text fig., 1879.—Jaekel, p. 64, 64a, 1018. 

PotmocrinuB {ScytalocrinuB) bijiigiLB Wachsmuth and Springer, p. 118 (343), 
1880. 

Geologic and geographic dxslribtdion ,—^The genus is known at present only 
in the Moscovian (Pennsylvanian) of Russia. 

RelaiiomhtpB .—There seems to be no described genus with which Pego- 
ennua may bo confused. Two poterioerinoid genera associated with Pego- 
cnntis are readily distinguished, although one of them was apparently con¬ 
fused with it by Trautschold Both Moacoviertnua and Ophturocrinua have 
high, rather narrowly turbinate dorsal cups as against the broadly turbinate 
cup of Pegoennua The IBB of Pegoertnua, meeting on very narrow faces and 
practically anchyloring into a solid disk, are in marked contrast to the high 
IBB of the other two genera The patterns of the plates of the posterior IR 
arc unlike. Moacovtcrinua has branching arms and a remarkable circinato 
ventral sac, both wanting in Pegoennua. 

Of the original specimens figured by Trautschold (1867, pi. 4), specimen 
figure 2 was sent by Trautschold to Wachsmuth and is now in the Springer 
collection in the United States National Museum Jaekel (1918, p. 64, fig 
64a) states that his figure is from the ‘‘holotype” in Breslau It could not be 
either specimen figures 2 or 3. Owing to the great number of inaccuracies in 
this work of Jaekel, it is doubtful that it really represents any one of the 
three specimens of Trautschold At any rate, Jaekel does not indicate which 
specimen he chose as type. Owing to the uncertainties of the matter, I have 
chosen specimen figure 2, plate 4, of Trautschold (1867) as holotype. 

The specimen figured by Trautschold (1879, pi. 14, fig. 3) as Poimoennua 
hijugua is certainly not that species. It probably is referable to PoterioerinuB 
ongxnanua^ for which Jaekel erected the genus Ophxurocrinna 
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BOTANY .—The wild bean Phafieolus polystaohyus (L.) B.8.P.: Its 
chromosome number.^ H. A. Allard and H. F. Allard, U. S. 
Department of Agriculture. 

Eleven upecies of beans of the genus Phaseolua are known to be 
more or less generally cultivated in various parts of the world, all of 
tropical, subtropical, or warm-temperature origin and sensitive to 
frost. Considerable work has been done by various investigators to 
determine the chromosome number of the cultivated species, as re¬ 
ported by J. Kawakami in his paper. Chromosome numbers in Legumv- 
nosae (Bot. Mag. Tokyo 44 : 319-329. 1930). It appears that in all 
our well-known Hpecie.s of beans of the genus Phaseolua, 22 chromo¬ 
somes is the somatic or 2n number. Among those reported are the 
species P. acutifohus, angularia, aureus, cocdneus, lunatus, and 
mungo, as well as varieties of some of these. Dolichos lablab also has 
22 = {2n) chromosomes, as reported by Karpetschenko (192.5) and 
Kachidse (1925). 

In the Eastern United States from Connecticut southward to the 
Gulf, a native wild bean {Phaseolua polyatachyus) occurs, which is of 
considerable interest in some of its behaviors. Although stated other¬ 
wise in Gray’s Manual of botany and other botanical works, a char¬ 
acteristic of its germination is the hypogean life of its cotyledons, 
whereas the cotyledons of most of our beans have an cpigean history. 
The Scarlet Runner bean {P. muUtflorus), however, is an exception to 
this, like the wild bean. 

The senior writer has found this bean to be an occasional constit¬ 
uent of the flora of the lower mountain areas of Virginia, within the 
Upper Piedmont physiographic province, and he has studied its ecol¬ 
ogy and length-of-day behaviors in some detail. 

It is eminently unsuited to tropical lengths of day of 12 hours or 
leas and to the winter conditions of daylight in the greenhouses of our 
northern latitudes. Under such conditions its growth is so slow that it 
becomes a much dwarfed and practically a dormant plant, devoid of 
the typical twining habit, and producing few or no flowers. 

The rootstock of this bean is perennial, the aerial stems dying down 
to the ground, where, under favorable conditions of protection, winter 
buds are formed that originate the new stems of the next summer. 
The laying down of dormant buds and the gradual dying of the aerial 
parts at the close of the summer season are nicely adjusted behaviors 
dependent upon shortening days and lowering mean temperatures. 

■ Received Februery 1, 1940. 
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The suppression of vegetative elongation together with normal flower 
production when the days are sufficiently shortened artificially repre¬ 
sents extremes of this late-summer behavior. As a matter of fact, 
when germination takes place in the greenhouse in winter time, the 
seedling plants remain very small imd almost dormant, tending to 
produce thickened rootstocks with the downward translocation of 
material. It would appear that there can be no utilization in upward 
elongation and flowering as in the summer season of long days and 
high mean temperatures. 

In nature the wild bean in the upper Piedmont area is ecologically a 
plant of deciduous woodlands and warm well-drained rocky slopes. 
It will grow readily in the open in rich garden soils, however, and re¬ 
main in a flourishing condition until autumn arrives, but the roots 
readily freeze and rot in wet, unprotected garden soils. 

Cold, wet, exposed soils and the aggressions of vigorous competi¬ 
tors do not favor the survival of this bean in open grassland fields and 
pastures. Even in the woodland environment of the Piedmont up¬ 
lands, where it is driven, its scarcity would indicate precarious con¬ 
ditions of survival. 

A study of the chromosome number of this bean was made by the 
junior author, and the n number of the pollen mother cells was found 
to be 11. The somatic (Zn) number, then, is 22, which, as previously 
stated, is that of all our common garden varieties reported upon by 
Kawakami. The chromosomes of the wild bean arc of small size. 

On the basis of the constant chromosome number of the species of 
Pkaaeolns, so far as such determinations have been made, this genus 
appears to be a relatively stable one. It might also be assumed that 
it is of more recent evolution, without marked specialization in this 
direction as yet, owing in part perhaps to uniformity of habitat. 

There is reason to believe that the genus is definitely of warm-cli¬ 
mate origin, since the center of distribution is within the Tropics. Those 
beans that have been investigated have been shown to grow and to 
flower readily in response to lengths of day of 12 hours or less, thus 
adapting them to tropical and subtropical conditions of daylight. 
Some species and varieties, in addition, are able to flower in response 
to the much longer days of high latitudes. In this respect these beans 
are either indeterminate in their day-length requirements or are short- 
day plants with very high critical length-of-day limitations that 
favor flowering far north of the Tropics. 

Other species or varieties of beans are more rigidly confined to the 
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Tropics or to low latitudes, owing to the narrow limits of their length- 
of-day adaptations. 

Several tropical lima beans (Phaseolua lunatua) from Peru (F.S.P.l. 
no. 46153) and Ecuador (F.S.P.l. no. 46336) reported upon in 1920 
by Garner and Allard’ were found to be unable to flower in the lati¬ 
tude of Washington, D. C., owing to the fact that these were short- 
day plants with a rather narrow range of lengths of day favorable to 
flowering. In other words, these beans were adapted only to tropical 
lengths of day or to those lengths of day of low latitudes, so far as 
sexual reproduction was concerned. 

A bean of the species Phaseolm muUtJlorua, also from South Amer¬ 
ica, reported upon by Garner and Allard* in 1923, showed a similar 
tropical short-day behavior, since it could not flower at Washington, 
D. C., when long days were experienced, but w'aa induced to flower 
late in summer with 10 hours of daylight afforded each day. This 
variety, also, when afforded only 10 hours of daylight, showed a 
marked reduction in aerial stem growth and the roots became strik¬ 
ingly tuberiferous (loc. cit., pi. 6). With 12 hours of light there was 
less tuberization, and with exposure to the full length of the summer 
day, and likewise to artificially lengthened winter days, by the use 
of electric light, there was none. 

The native wild bean of the eastern North American territory can 
be definitely excluded from the tropical category. This bean, with its 
present constitutional inability to grow and to fruit on lengths of day 
around 12 hours or less, could not well have originated in the Tropics 
or in equatorial regions. There is reason, then, to believe that it is a 
somewhat isolated outlying offshoot of the great tropical group, since 
it not only must have the greatly increased lengths of day of higher 
latitudes to persist, but its greater resistance to winter cold than most 
beans can withstand is an additional adaptation for the habitat of a 
temperate climate. 

* Garnbr, W. W , and Allard H. A. Effect of the relative length of day and night 
and other fadore of the environment on groidh and reprodudton tn plants. Joum. Art. 
Rea. ia(U):600. 1920 

* Qabnbr, W W , and Allard H. A Further studies in photopenodism, the re* 
sponse of the plant to relative length of day and night, Joura. Agr. Rea 23(11): 893. 
1923. 
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MYCOLOGY.— A ringworm diaeaae of mwakrata tranafarable to man.^ 
Vera K. Charles, U. S. Bureau of Plant Industry. 

In the fall of 1036 a culture of a fungus apparently pathogenic to 
man was received from Dr. Paul L. Errington, of Iowa State College 
of Agriculture and Mechanic Arts. Dr. Errington had been working 
with muskrats {Oridaira zibethica) near Ruthven, Iowa, which were 
affected with a serious skin disease. The culture was made from his 
arm, which had become infected with a type of ringworm, and as the 
infected arm was the one he had habitually used in examining nests 
of muskrats and handling the young, it occurred to him that he might 
have contracted the disease affecting the muskrats. The culture sub¬ 
mitted was somewhat old and contained only one type of spores, 
which were small and 1-celled, suggesting the microconidia of a ring¬ 
worm fungus. The culture was transferred to Sabouraud and corn- 
meal agar, and in the course of 3-5 weeks developed other types of 
organs and spores characteristic of the genus Trichophyton. 

APPEARANCE ON MAN 

The appearance of ringworm was first observed by an assistant 
who spent July 4, 1935, on the marsh helping to capture for tagging 
the more active sizes of young animals. In this case definite "rings” 
appeared on her legs. While this would seem a more unlikely place 
than exposed arms, the work of helping capture the animals for 
tagging often necessitated her wading in the water about the lodges, 
and in this manner infection could have easily taken place. 

Dr. Errington describes the history of his own case as follows: 

On June 24, 1936, I noticed a glazed-appearing area about 20 mm in 
diameter on the back of my left hand; by the next day this was almost com¬ 
pletely surrounded by an inflamed ring. A similar area was to be seen higher 
up on mv arm and a smaller one near the elbow. My left arm was usually 
more or less scratched, as it was the one I used in digging into and feeling 
around in the muskrat lodges in connection with my research. I had handled 
badly diseased animals on several occasions during the preceding two weeks 
and bad been in the habit of washing thoroughly in soap and water and 
touching recognised scratches with iodine each evening after coming in 
from the field. 

The evening of June 26,1 applied a salve extensively used for the treat¬ 
ment of bums, etc,, but by morning the two eruptions were enlarged and 
itching. 1 went to a local physician, who gave me three different ointments 
to try, none of which provM more than partially efficacious. These were, 
I think, preparations containing salicylic acid, but the thick greasy base 
evidently prevented really effective penetration. The result was that salves 
strong enough to have even a superficial effect blistered my skin severely 

> Reoeiyed February 6,1040. 
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and yet did not aeem to reach the organiBins intrenched at the base of the 
hairaj at any rate, whenever I would try to give my akin a rest, fungus 
activity would start up again. 

I had occasion to make a trip to Ames about July 8 and while there called 
on two other physicians. By this time, I was in misery, with 32 square inches 
of my left arm involved either by the fungus or dermatitis from the salve. 
One of the physicians directed me to pull out the hairs on the raised fungus 
infected areas and to keep the arm wet-packed with an aqueous solution of 
allantoin and also to apply 2 percent allantoin and 1-10,000 phenyl mercunc 
nitrate in a greaseless base as an ointment. The almost intolerable itching 
was relieved, and, in a few days, the troublesome areas consisted only of the 
raised foci of the fungus infection. These foci, however, remfuned unyielding 
to treatment prescribed so far and were four in number, namely, two raised 
rings, 35 mm in diameter on back of hand and lower arm, a solid raised area 
20 mm in diameter near the elbow, and a fourth area of about 8 mm at the 
base of the little finger. All were firm or hard to the touch and dark red, the 
larger ones being purplish red and spotted by pus pockets. 

It was Dr. Errington’s experience that there was an apparent dif¬ 
ference in the effectiveness of a penetrating solution and a thick 
salve even when salicyclic acid was the active chemical used in both. 
He stated in a subsequent letter that on occasions of suspected ex¬ 
posure he had washed his hands in 1:500 aqueous solution of mer¬ 
curic iodide, which appeared to give protection. 

appearance of animals 

Dr. Errington reported that during the midsummer of 1936 a 
considerable number of young muskrats under observation on Round 
Lake near Ruthven were found to be suffering heavy mortality from 
a skin disease: 

Advanced cases were marked by underweight, by watery swollen pustules 
on ventral surface or by hairlessness about legs, base of tail and under-parts. 
Incipient cases in individuals of apparently normal mse and health may at 
times be detected by a slight baldness or dandruff-like scurf on head or 
back or possibly by one or a few watery blisters on the end of the tail (4). 
[Later he wrote] A skin disease (I think it is only one but there may be 
more) affecting young muskrats has been found in about 10 percent of the 
litters examine. When the disease is represented in a litter, usually a third 
to a half of the members arc affected, though sometimes the whole litter. 
Mortality seems to be complete if the muskrats contract the disease while 
less than ten days old; laiger young may recover, little the worse for the 
experience except perhaps for a slightly bobbed tail. 

In very young animw, the disease seems characterised by dermatitis 
pustules, usually on the underparts. Young thus affected typically cease 
growing and soon disappear. In animals of around two weeks, pustules are 
seldom seen except on the bare scaly tails, but either a dry, dandruff-like 
scurf may be noted or a localised loss of hair, especially about the extremi¬ 
ties, underparts, and base of tail. This sort of case is commonly attended 
by stunted growth and ultimate death. When fairly large young have only 
a blister or two on the tail the case is not so likely to be serious, but some 
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animalfl with only this slight degree of visible infection may become stunted 
and die also. 

It is believed that only one organism was involved in the skin dis¬ 
ease of the muskrats because only one organism was consistently 
found in the material submitted for examination, and in the cultures 
isolated from the skin and hair of diseased animals. All the other 
fungi that appeared in culture or were present on the fresh material 
were clearly secondary. A species of Fusarium was observed in one 
culture, but it is not thought that a species of this genua would pro¬ 
duce the clinical symptoms presented in this case. 

ISOLATION or THE FUNGUS 

The first specimen of muskrat material was received by the writer 
in January 1937 and consisted of a diy skin of a muskrat that had 
been affected by a ringworm fungus but had recovered from the 
attack. Cultures were made from this skin, but no pathogenic fungus 
was recovered. As the season for work with very young muskrats had 
passed, the mycological studies had to wait until the following year. 
In May 1938, Dr. Errington reported that in his study of muskrats 
in the area near Ruthven, Iowa, he had found no evidence of muskrat 
skin disease, but that he had expectations of finding infected animals 
late in June or in July, when past experience indicated that the 
trouble would be more widespread and conspicuous. Anticipating this 
reappearance of the disease, tubes of culture media were forwarded to 
Dr. Errington in order to enable him to make cultures direct from 
the animals in the field. This supposition proved to be correct, and 
in the later part of June 1938 cultures made from skins of diseased 
muskrats from Round Lake, Iowa, were sent to the author. Six cul¬ 
tures were received at this time, but no pathogenic organism was 
found, although the cultures were made from the scurf. However, this 
may have been due to the fact that the work in the field presented 
many opportunities for contamination by vigorous but nonpatho- 
genic fungi. Still believing that a species of Mtcroaporum or a related 
fungus was the cause of the trouble, the writer requested more cul¬ 
tures from diseased animals, and on July 14 and 16 twelve additional 
cultures were received. One culture m^e from hairs from the bare 
foot of a muskrat, removed by heat-sterilised tweeser-tips, was sug¬ 
gestive of Trichophyton, and eiter being cultured it proved to belong 
to this genus. When this culture was received it contained only mioro- 
conidia, but transfers made to other culture media developed a 
striking polymorphism. The original culture was found to be ex- 
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oeedingly vigorous and grew luxuriantly on various culture media. 
Cultures were also made from a small dried piece of skin from a dis¬ 
eased muskrat. Pure, vigorous growths of the fungus were obtained 
from these isolations. 

TERMINOLOGY OF CERTAIN STRUCTURES IN 
THE DERMATOPHYTES 

The polymorphic character of many human and animal fungus 
pathogens has led to a more or less specialized terminology of the 
different organs. In order to avoid any confusion the terms employed 
in this paper may be defined as follows: 

Thyrae, a contracted paniclelikc spore bearing structure. 

Mtcrocomdia (Aleuroaporea) may be acrogenous or pleurogenous and are 
borne in thyrses. They arc small, 1-ceIled, and spherical to oval or clavate 
in shape The term alourospore has been applied to these spores and is em- 

f iloyed in most papers on medical mycology. They are generally produced in 
arge numbers and when they predominate impart a powdery appearance 
to the surface of the culture. 

Macrocontdta arc referred to as closterospores or fuscaux They are 
elongate, septate, and thin or thick walled. The ends are blunt, and the 
base is broad and encircled by a collar, which marks the point of attachment 
to the conidiophore Constrictions arc sometimes evident at the septa. 

Chlamydoaporea, so-called, may be formed in the h^hae or they may be 
terminal. They do not possess the thick wall characteristic of true cplamydo- 
spores and when intercalary resemble the vesieulose cells of species of the 
genus Fnaanum, 

Arthroaporea are rows of undifferentiated h^hal cells^ which function in 
the distribution of the fungus and in carrying it over penods of unfavorable 
conditions. 

Nodular organa may resemble haustoria in shape or may appear as a 
tangle of hyphae resulting from a number of short branches near the tip 
of the hyphae. 

Sptrala are produced from vegetative hyphae and may consist of loosely 
or tightly colled hjrphae with smooth thin walls It has been suggested that 
these structures may be connected with an ascogenous stage, but this has 
not been demonstrated. Spirals occur in several species of Dennatoiihytes 
and are not regarded as characters useful in the taxonomic distinction of 
species. 


CULTURAL CHARACTERS 

The organism from muskrats was grown in culture for over a year 
and a half. On solid media the early cultures produced a powdery 
growth at first white, later becoming cream. On liquid media the 
growth was more cottony, although microconidia were developed 
rather abundantly. Subsequent cultures during the course of some 15 
months showed less tendency to form macroconidia and other organs 
but continued to produce microconidia in abundance. An exception 
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to thlB rule was observed in the case of cultures grown on egg-meat 
broth. The original culture was made on Sabouraud and transferred 
to egg-meat on September 24, 1038, on which it produced a white, 
fluffy growth at the surface of the medium, an abundance of micro- 
conidia but no coils. Transferred to Sabouraud on November 10, 
1939, the growth was rapid, vigorous, and characteristically poly¬ 
morphic, producing microconidia, macroconidia, and short coils. It is 
interesting to note that after this length of time and after transfer to 
semiliquid media and return to solid media (Sabouraud) the macro¬ 
conidia were noticeably longer and more septate than in the original 
cultures or in the cultures grown continuously on solid media. These 
cultures had been kept in an ice-box at a temperature of about 40”F. 
for a period of a year. 


Taulb 1.—Typb of Growth on Ninb Mbdia 


Medium 

Type of RTowth 

Mleroeonidia 


Bpirmla 

Color of medium 

Blood eerum 

1 

Qrowth felty 
whan later pow¬ 
dery 

Abundant on 
eidee of walli in 
youna eulturea 

Praaent, 3-4 
aeptate 

Abeani 

No ehanae. 

Com-mwl ftser 

Qrowth eeanty: i 
ehlamydooporia 
well developed 

Abundant 

Abaent 

Praaent but few 
and not hidily 
developed, about 
3-4eSir 

Not ooiored 

BabouKud 

Cottony at ftnt 
1^ Mwdery, 
ohlamydoaporee 
preeent 

Abundant el^t- 
ly lai«er andleea 
uniformly apher- 
leal than in 
arowth on other 
media 

Preeenti in 
youna eulturea 
2-3 oellad 

Weak develop- 
meat 

medium wine 
red when old 

Rloe 

Growth rapid at 
flmt, pure white, 
finally oream, 
aerial myeeiium 
in eulturee oar- 
ried orer one 
year remained 
white 

Abundant 

Few. 2-3 eelled 

Numeroue 

Baok of old 
eulturea tan 

PoUto doxiroM 

Growth white, 
cottony, finally 
powdery at top 
of eulture, lux¬ 
uriant derdop- 
mentof ohlamy- 
doaporee. 

Abundant 

Fair develop¬ 
ment of blunt 
4-aeptate eo- 
nidia 

Abaent 

Uttia ehann, 
baek of oH 
eulturea dark 

Brain wml 

Myeeiium luxu- 
rlut.ehlamydo- 
Bporee abundant 

Numeroue 

Blunt or ell^t- 
ly pointed 

Abaent 

No ehanpe. 

Eu-meat 

Growth at top 
of eulture fluffy, 
white 

Numeroui (ae¬ 
rial eporee 
emaller) 

Abaeat. 

Abaent 

No flhania. 

Roeenau Daxt 
brain broth 

Growth moatly 
at nirfaee of me¬ 
dium, white 
then ereaiD; 
ehlamydoeporie 
few 

Numeroa 

Few, moatly 

fi-ae^te 

Few, abort 


Phanol-red tar¬ 
trate acar. . 

Growth white 

Abundant 

Fair, davelop- 
mani, euatiy 
fi aiSate. 

Abaent 

Utttochuit,. 
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IDENTITY OF THE FUNGUS 

As meDtioned in the introduction the cultures isolated by Dr. 
Errington from his arm and from the muskrat after numerous culture 
studies were determined as belonging to the genua Trichophylon ac¬ 
cording to Emmon's classification. This author (3) recognizes three 
groups of Dermatophytes, which are closely related but may be 
separated by the distinctive types of macrooonidia that they form 
in culture. These three types are represented by the following genera: 
Trichophyton (Malmsten, 1845) (6). ■** 

Epidermophyton (Sabouraud, 1907) (8). 

Microaporum (Gruby, 1843) (.5). 

In the genus Trichophyton the mycelium is generally hyaline though 
it may be yellow, violet, or even brown. The reproduction is princi¬ 
pally by small conidia, the so-called microconidia. The macroconidia 
are clavate and thin-walled but are not always formed and are gener¬ 
ally absent in old cultures or those that have been repeatedly trans¬ 
ferred. 

The genus Epidermophyton is characterized by the oval to egg- 
shaped, smooth, thick-walled macroconidia. The mycelium is usually 
yellow. 

8p>ecies of the genus Microaporum are easily determined by the 
mostly numerous, spindle-shaped, thick-walled macroconidia and the 
clavate conidia. In certain species of this genus, however, the macro¬ 
conidia may be few or abortive. The mycelium is generally hyaline, 
or according to certain authors it may range from hyaline to brown. 

The organism isolated from the muskrat and grown over a period 
of li years in pure culture conformed to the generic characters of the 
genus Trichophyton and was identified as T. menlagrophytea (Robin) 
(7) Blanchard (1). 

The identity of the two organisms, the one isolated from man and 
the other from muskrats, was proved by comparative cultural studies. 
All probable sources of the case of human infection other than the 
muskrats were eliminated. It was observed that the strain obtained 
from the muskrat produced a much more rapid and vigorous growth 
than the one isolated from man. The longevity of the former organ¬ 
ism was also much more marked. 

A very similar case of the occurrence of this fungus on an animal 
host has recently been described by DeLamater (2) on common gray 
squirrels living on or near the Johns Hopkins University Campus at 
Baltimore. The author described the virulence of the fungus on squir- 
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relB and stated that oats and rabbits were shown to be susceptible to 
the strain and in two cases accidental infection of human subjects 
occurred. There was no mention of any mortality of the squirrels. 

As far as our information goes this is the first report of T. menta- 
grophytes on muskrats. This occurrence is not only of interest because 
of the economic importance of the host, but because it presents an¬ 
other record of the transference of an animal parasite to man. 
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PALEOBOl'AN Y .—New species and changes of name in some Ameri¬ 
can Josstl floras} Roland W. Brown, U. S. Geological Survey. 

Information uncovered by the writer during the past few years 
involves a number of new species that seem worthy of immediate re¬ 
port, new occurrences of described species that shed further light on 
the floras in which they oecur, and changes of name demanded by un¬ 
equivocal evidence. In the study of the material assembled here the 
writer has been aided in part by the generous cooperation of W. R. 
Maxon, of the National Herbarium; H. A. Gleason and colleagues, of 
the New York Botanical Garden; J. B. Reeside, Jr., of the Geological 
Survey; F. M. Carpenter, of Harvard University; and D. I. Axelrod, 
National Research Council Fellow. 


OBUUNDACBAB 

Osmunds occidentale (Berry) Brown, n. comb. Fig. 1 

Asplenium occidentale Berry, 4, p. 236, pi. 40, figs. 3, 4. 

Fern fragment. Knowlton, 26, p. 24, pi. 0, fig. 10. 

Pieris sp. Berry, 4, p. 237.—Idem, 6, p. 103. 

When compared with the pinnules of the royal fern, Osmunda regaUs 

* Publlihed with the permiiaioii of the Director, Qeologioel Survey, United States 
Department of the Interior. Received February 28 , IMO. 
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Linnaeus, these specunens show such close resemblance that little doubt 
aB to their being Osmunda can be entertained. This identification harmonises 
with the general ecolomcal setting of these floras 
Occurrence —Latah formation, Washington and Idaho. Also lake beds in 
the Lemhi Valley, Baker, Idaho (Fig. I) 

FOLTFODIACBAI 

Adlsntum anastomosum Brown, n. sp. Fig. 2 

Frond or pinna 10 cm or more in diameter, strongly cordate at the base; 
deeply lobed Lobes apparently 8, long, narrow, of unequal length, lygodioid 
in form. Venation without a midrib, reticulate, anastomosing freely mri on 
the margins of the lobes narrow, in dimontinuous patches Margin entire. 

Except for the more cordate base, this frond is almost identical with that 
described by Gardner and Ettingshau^n (19, p. 42, pi. 11, fig. 1) as Hew- 
ardta regta, from the middle Eocene Middle Bagshot beds at Bournemouth, 
England Hollick (21, p. 41, pi. 6, figs. 1-6) has described what seems to be 
a species of this genus as Anthrophyopna hamtltonenna, but it has ligulate 
or lanceolate foliage However, as no sori are present, there is no positive 
assurance that Hollick’s specimens arc related to Adianlum. 

Botanists regard Hewardia as a section of Adiarautn. The fossil species 
may be compared with a number of living species, but there is no complete 
agreement with any. Adtantum cordatum Maxon, from Panama, has coMate 
pinnae with entire margins, no tendency to lobing, and with a distinct 
midrib. A dianium wilaoni Hooker, from Jamaica, is rnmilar to cordatum but 
has smaller, more numerous pinnae, with serrate marpns. Adtantum adi- 
antoidea (J Smith) Christensen, from Guiana, is similar to mlaont, but the 
pinnae are not serrate. Adtantum olivaceum Baker, from Guiana, has disjunct 
sori, giving the margins of the pinnae a toothed appearance. 

The close correspondence between Adtantum anaatomoaum and Hewardta 
regta suggests a comparison of the two fossil floras of which these ferns are 
members. The Bagshot beds at Bournemouth, according to a citation by 
Reid and Chandler (29, p. 84) of the work so far done by Dr. Helen Ban- 
dulska on the cuticles of leaves from these beds, carry. Insides the ferns— 
Chryaodium, Aaplenitea, Gloaaoehiamya, PodoUma, Meniphyllum, Oamunda, 
Pteria, Phegopterta, Gletchenta, Lygodtum, Hevoardta, Anetmia, Adtantum — 
and Nipa, described by Gardner and Ettinmhausen, species of the following 
genera: Araucarttea, Sequoia, Taxodium, Antb<^ Neohtaea, Litaea, Lindera, 
Ctnnamomum, Not^fagua, Rhodonyrtua, and Trtatania. 

Compared with this list, the flora from Steel’s Crossing, Wash., not yet 
completely identified, has the following: Adtantum, Woodwardia, Bquiaetum, 
Sequoia, Ulmus or Zelkooa, CercidtphyUun, Ptelea, DtUentUa, Acer, and 
Platanua. 

Occurrence.—In light^olored^ grayish to buff shales at Steel’s Ctosang, 
3 miles west of Renton, Wash. Upper Eocene. 

Pteria Idohoensis (Knowiton) Brown, n. comb. 

Dryopterta idahoenata Knowiton, 22, p. 721, pi. 99, figs. 1, 2. 

Pteria ealabaeenata Dorf. Smth, 33, p. 467, (d. 12^ fig. 2. 

The venation and habit displayed by these specunens are those of Pteria, 
a species tentatively regarded as different from P. atbneola Hall (Chaney, 
13, p. 100, pi. 8, flp. 2, 4r-7) from Crooked River, Oreg. 

Oceurrenee. —Marsh, Idaho. Payette formation. 



Fifi 1-18 (Sea opposite page for legend) 
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PINACBAB 

Abies cluneyi Mason 

Abies chaneyt Mason, 28, p. 140, pi. 4, fig. 2 [not other figures]. 

Abies magnifiea var. shasiensis Lemmon. Mason, 28, p. 150, pi 4, fig. 6. 

Although Mason compared the cone scale of Abies chaneyt with that of 
the living veniLsta, he noted that the bract of this scale lacked the basal 
lateral appendages of venttsla. The scale itself is twice as wide as it is long, 
whereas those of vennsta are only a little wider than they are long. Further¬ 
more, if a venusta scale with bract were to occur as a fossil the bract would 
scarcely display the wide, expanded base seen in the fossil figured by Mason; 
it would appear more like those called Abtes longiroslrts Knowlton from 
Creedo, Colo., although here also nwrvations should be made when com¬ 
paring with venusta. The second scale figured by Mason and compared 
with shasiensis appears to the writer to belong to the same species as the 
first but has had the long point of the bract broken off. The shape of these 
scales does not compare favorably with that of shasiensis, but the writer 
has no other suggestion to offer, except that this fossil species may not have 
been in the dirc^ct line of either venusta or shasiensis but may have ended 
without further issue 

Occurrence, —Mascall formation, John Day basin, Oreg. 

Abies concoloroides Brown, n. sp. 

Abtes chaneyt Mason Brown, 10, p 167, pi. 45, figs 23, 24. 

Abtes chaneyt Mason, 28, p. 149, pi 4, figs. 1, 7, foliage [not other figures). 
Abtes magntfica var. shasiensis I^mmon Mason, 28, p 150, fig 5. 

Mason compared the foliage of Abtes chaneyt with that of the living 
venusta but pointed out differences, notably that the needles arc slenderer 
than those of venusta. Another simificant difference is the strong curvature, 
which venusta does not display. The needles of the living concolar, however, 
match this foliage very well. The seed, here s^onymised, can also be dupli¬ 
cated by seeds of concolor. That several species of fir are represented in the 
fossils from the Mascall and related formations is quite likelv. 

Occurrence, —Mascall formation, John Day basin, and Blue Mountains, 
Oreg. 

Collltris potUtchensis Brown Fig. 6 

Calltirts potlatchensis Brown, 9, p. 575, pi. 67, fig. 16. 

This species was first reported from the Latah formation on Potlatch 
Creek, Idaho. An unremitting search for foliage to confirm the identification 
of these seeds has so far failed to produce anything satisfactorily comparable 
with the foliage of the living species. 

Occurrence, —Gr^ ranch, on Crooked River, Oreg Specimen collected 
by Richard Mote, Corvallis, Oreg. 


Fig. 1.— Oamunda occidentais (Beri^) Brown, n. comb. Fig. 2.— Adtantum ana- 
slomoaum Brown, n. sp. Fig. 3.— Sueommxa morOana Brown, n sp. Fig. 4.— 
Mucommta ulmotdes Oliver, a hving ipeoies from central China. Fig. 6 — Framnus 
JIfxifolia (Leequereux) Brown. Fig. o— CaUUru poUaUhsnsis Brown Figs. 7, 8,— 
Acer knoufUont (Berry) Brow^ n. comb Fig. 0.— Teirapierts simsont Brown, n. sp. 
Fig. 10.— EngstkardHa olaoni Brown, n. sp. Fig. 11.— Banksttea ItnetUus Leaquereux. 
Fig. 12.— Parana apeirtt Lesquereux. Fig. 13—Porana ienuta Leaquereux.—Figa. 
14, \h.'--Potamogeton kderaphyUoidea Ber^. Fig. 10.— Potamog^on pairva Brown, 
n. ap. Fig. 17.— Dtpteronia tnnpnu (Leaquereux) Brown. Fig. 18—C^mbaUidorta 
soesnica Brown, n. ap. 
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Pseudolarlz ameriCEiu Brown, n. sp. 

Ptcea Bp. Brown, 10, p. 167, pi. 46, fig. 8. 

At the time this cone scale was tentatively reported as that from a specira 
of Ptcea, its resemblance to the scales of the widen larch, Paetmilarix 
kaempferi Gordon, of eastern China, was noted. Although foliage to confirm 
the identification has not yet been collected, or at least not recognized, it 
seems to the writer now that this scale should be definitely referred to 
Pseudolarix. 

Occurrence —Republic, Wash. Probably lower Miocene. 

NAIADACRAH 

Potamogeton heteropbylloides Berry Figs. 14, 16 

Potamogelon sp. Knowlton, 25, p. 29, pi. 10, figs. 6, 0. 

Potamogeton heterophyllotdea Berry, 4, p. 240 [not pi. 50, figs. 1-3, which are 
Keteleeria het^ophylloidea (Berry) Brown] 

Fig. 14 shows a linear, somewhat spatulate, floating leaf and Fig. 16 a 
linear, submerged leaf of a species of pondweed. Margins entire. Venation 
of the floating leaf 6-8, thin, parallel veins, with delicate cross-veinlets; 
that of the submerged leaf is an intramarginal vein with reticulate connec¬ 
tions to the midrib. In Knowlton’s Fig. 6, which is a two times enlargement 
of Fig. 6, the venation is retouched and shown as a senes of parallel veins 
The venation, however, is like that shown here in Fig 16, and indicates 
that Knowlton’s leaf was a submerged, not a surface le^. These leaves can 
be matched readily by those from a number of living species. 

Occurrence. —Latah formation, S^kane, Wash. Both specimens were 
collected by Kentworth Buxton, of Spokane. 

Potamogeton parva Brown, n. sp. Fig. 16 

A small, linear-elliptic, floating leaf of a pondweed Principal veins 
parallel, delicate, and at their bas^ origin, closely appressed to the midrib. 
CrosB-veinlets scattering, indistinct. 

Occurrence, —Gray Ranch, Crooked River, Oreg. Oligocene. Specimen 
collected by Charles B Read, U S. Geological Survey 

FAGACBAB 

Caatanopaia perpleza (Knowlton) Brown, n. comb. 

Castanopaia convexa (Lesquoreux) Brooks, 7, p. 288, pi 6, fig 5; pi. 10, figs 
1, 3; pi 12, figs 1-6; pi. 13, figs 4-6, pi. 18, figs 3-6; pi. 20, 4; 

f )l. 21, fig. lb Omit first three items of the synonymy and fig. 7 of the 
ourth item —Brown, 10, p. 171, pi. 49, figs. 8-11.—Dorf, 17, p. 112, 
pi. 1, figs. 7, 8.—Smith, 32, p. 112, pi. 2, fig. 7; pi. 5, fig. 7 
Qvereus brotont Brooks, 7, p. 291, pi. 14, figs. 6, 6 [not figs. 3, 4, 7, 8].— 
Smith, 32, p. 112, pi. 2, figs. 3, 4 
Quercua treleaait Berry. Smith, 32, p. 113, pi. 6, fig. 2. 

Rhododendron idakoenaia Smith, 33, p. 180, pi. 13, figs. 6, 10. 

Axelrod (2, p. 95) identifies as Quercua the types upon which Brooks 
based her combination, and considers the Sucker Creek, Oreg., and allied 
Caatanojma material as different from Caatanopaia ehryaopkyl&tdea Lesque- 
reux, from Chalk Bluffs, Calif. A new name is therefore required for the 
Sucker Creek specimens, and those from other localities subsequently identi- 
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fied as the same species. The new name is based on the types fiipired by 
Knowlton (23, p 31, pi. 2, figs. 6, 6, 8 [not. fig 7]) as Saltx per^xa, and 
cited by Brooks as the fourth item of her synonymy. 

Smith questioned the assignment of Berry’s spcnmens of Qttercua trdmnt 
to Sophora apokaneruia Knowlton on the ground that their specific identity 
is not evident from the published figures and descriptions It is true that at 
least the petioles in the ^urcs are not clear; but the specimens were cleaned 
several years ago before the transfer to Sophora was made, and the petioles 
as well as the form and venation were found to be definitely leguminous and 
identical with the corresponding characters of the specimens previously 
described as Sophora apokanenata. 

Occurrence.—Mascall formation, John Day basin; and Sucker Creek, 
Oreg. 

juqlandaceab 

Engelhardtia olsoni Brown, n. sp. Fig. 10 

This is a small, 3-lobcd bract with a conical nutlet at the base The lobes 
are entire. The venation of each of the lobes consists of a midnb from which 
arch(‘d vcinlots connect with intramarginal veins parallel to the midrib for 
a short distance In the apex of the lobes the secondary veins form a scries 
of loops. 

Although this specimen is smaller, it is comparable in other respeets to 
those called Carptnua grandta Unger (Chaney, 13, pi 9, fig. 7-9) from 
Bridge Creek and Crooked Biver, Oreg Although living spoj-ios of Carptnua 
only rarely produce fruit bracts with entire margins, it is possible that 
ancient species may have done so Thus far no leaves of Carptnua have been 
reported from the Liatah formation. 

Occurrence — Ijatah formation, 19 miles up Orofino Creek, Idaho. Col¬ 
lected by Boyd H Olson, Orofino, Idaho 

eucomuiacbab 

Eucommia eocenlca (Berry) Brown, n. comb. 

Stmarubtlea eocentcua Berry, 6, p 94, pi. 44, figs 15, 16 
Carpoltlhua bantaterotdea Berry, 5, p 134, pi. 33, figs. 5, 6 

Although somewhat smaller and with more attenuate bases than the 
samaras of Eucommta ulmotdea Oliver (Fig 4), a tree of central China, the 
seeds figured by Berry agree very well in all other details. It is not yet clear 
to the writer what foliage among the abundant remains in the Wilcox poup 
belongs with these seeds, but at least one leaf species is under suspicion. 

The fact that Cerctdtphyllum, a genus now restricted to eastern Asia, has 
a representative in the Wilcox flora (Brown, 12, pp. 486, 492) makes it less 
surprising to find Eucommta there also. 

Occurrence.—Wilcox group, near La Grange and Somerville, Tenn. 

Eucommit montaoa Brown, n. sp. Fig. 3 

Samara as in that of Eucommta ulmotdea Oliver (Fig. 4) of central China, 
except somewhat wider in proportion to length, which is about half that of 
ulmoidea. Tip similarly cleft, margins winged. The pedunculate base is 
slightly more attenuate. Venation pattern over the seed a reticulate, forking 
meshwork. 

This species is almost identical with that described above as Eucommta 
eoeentea from the Wilcox group of Tennessee; but it differs in being a little 
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smaller in siic and somewhat wider in the apical half. No leaves that could 
be definitely assigned to this species were found at this locality. 

Occurrence .—One mile west of Grant, Mont., in deponts probably of 
upper Oligocene age. 

LAUBACBAE 

Sassafras bendirei (Knowlton) Brown, n. comb. 

Cinnamotnum bendirei Knowlton. 23, p. 59, pi. 10, fig 4 
Philadelphua bendirei (lOiowllon) Chaney, 13, p. 118, pi. 17, figs. 1, 2 [not 
Other figs.). 

These specimens can be matched readily with leaves from the living 
SMeafrae varirfoltum (Salisbury) Kuntse This fossil B]ierieB may prove to 
be the same as Saaaafrae heaperta Berry (Brown, 10, p 174, pi 63, figs. 
7-10), but the writer is unwilling to synonymise them at the present time. 

Occurrence .—Bridge Creek and Crooked River basins, Oreg 

Umbellularia eocenica Brown, n. sp. Fig. 18 

Leaf oblanceolatc to elliptic with acute apex and petiole 1 cm lung The 
venation is characterised by the presence of a pair of thin, lateral pnmaries 
arising from the top of the petiole. The secondaries, departing from the 
midrib at wide angles, form loops with those above. Margin entire 

This spriciincn can be matched closely, though not exactly, with leaves 
from the California laurel, LfmbeUularia caltfomtea Nuttall, which is found 
on mountain slopes and stream bottoms in the Coast Range and Sierra 
Nevada region of California, and in southern Oregon. 

Occurrence — In shales of the Green River formation, 3 miles north of 
Watson, Utah. 

LEQVHINOBAB 

Robinia okUhomBOsiB (Berry) Brown, n. comb. 

Dtoapyroa prelexatia Chancy and Elios, 14, p. 44, pi 7, figs 6-8. See syn¬ 
onymy. 

Saltx coalingenaia Dorf Chaney and Elias, 14, p. 37, pi 4, figs. 1, 3 [not 
Fig 6, which is Saptndua oklahomensta Berry]. 

Bumelta oklahomenata Berry, 3, p. 634, pi. 94, fig. 1. 

A comparison of the published figures here cited with the specimens 
themselves supplies an example of the occasional, unfortunate deceptivenesa 
of photographs and drawing, and suggests a warning that if retouching is 
necessary it be done as faithfully as a satisfactory mamifying glass and a 
steady hand can make it. Berry’s figure of Bumelta wlaJwmenaxa, for ex¬ 
ample, has far too many secondary veins. Chaney and Elias have shown 
Fig. 1 of Salix eoalv^enaia and fig. 8 of Dtoapyroa prelexana with no sug¬ 
gestion of intermediary secondaries. Their Fig. 7 of Dioapyroa preUxana 
shows the petiole directed toward the lower ri|^t, whereas in the specimen 
it is directra toward the lower left, a fmnt hint of which mm be had from 
the illustration. In all these specimens the petioles are typically leguminous, 
that is, broad and cross-wrinkled, indicating their glandular nature. In form, 
venation, and TOtioles these loafiets can be matched by the leaflets of 
Aobinta, particularly R. paeudacacia Linnaeus, the black locust of the region 
east of the Rocky Mountains. The smaller leaflets may also be compared 
with those of Amorphafrutieoaa Linnaeus. 

Occurrence.—Beaver County, Okia. 
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SIMARUBACEAE 

AiUnthuB indiaiu (MacOinitie) Brown, n. comb. 

A-pocynum tndtana MacGinitie, 27, p. 66, pi. 12, fig. 1.—Smith, 32, p 117, 
pi. 6, fig 1; pi. 7, fig. 2. 

AilanthuB leaquereun Cockerell. Arnold, 1, p 65, pi. 8, figs. 3, 4. 

AilanUiua (7) amertcaM Cockerell. Oliver, Carnegie Inst. Wash. Publ. 
455(1): 23. 1634. 

Cedrela oregontana (Lcsqucreux) Brown [part]. Brown, 10, p. 613. 

For a loni^ time the writer has been looking for leaf remains that would 
confirm the identification of the undoubted seeds of Atlanlhtu found in the 
Green River formation in Wyoming and Colorado; m the lake beds at 
Florissant, Colo.; and in the strata on Trout Creek and Sucker Creek, 
Greg. It now appears that the specimen reported by MacGinitie from Trout 
Creek, supplemented by those reported recently by Smith from Sucker 
Creek, as Apocynum indiana, may be the required foliage. In form, venation, 
and length of petiole they compare favorably with the leaflets of the living 
Asiatic species, A%lanlhua alttanma (Miller) Swingle Tlie published figures 
do not show clearly the large basal margin^ teeth with glands characteristic 
of the living species, but Smith’s h'ig 1 appears to have them. 

Seeds called Ailanthua amertcana Cockerell, but no AtUmthuH leaflets, 
have been reported from the Green River formation and from Florissant. 
It is very likely that when and if the leaflets are found they will be suffi¬ 
ciently different to justify the new specific name for the Trout Creek and 
Sucker Creek material 

Occurrence —Trout Creek, Sucker Crock, and Tipton, Oreg 

ACERACEAE 

Acer knowltoni (Berry) Brown, n. comb. Figs 7, 8 

PhanerophlebtlcB knowltoni Berry, 5 p 48, pi. 7, fig 6. 

Negundo knouUnnt Berry, 6, p 98, pi 21, fig. 7; pi 42, fig. 7. 

Additional material collected by the writer m Tennessee demonstrates 
that the specimen called Phanerophlebites knowltoni is a maple samara of 
the negundo type, and undoubtedly belongs with the leaves called Negundo 
knowltoni, these being the only maple seeds and leaves from the same 
localities and the Wilcox group The samaras have unusually long wings, 
and narrow heads which are seldom well enough preserved to show the 
attachment scar. Acer negundoidee MacGinitie is the well-known relative 
in tlie later Tertiary of the western United States 
Occurrence.—One mile north of Somerville, Tenn. Wilcox group (Eocene). 

DipteronU InsigniB (Lesquereux) Brown Fig. 17 

Dipteronia insignia (Lesquereux) Brown, 10, p. 181, pi. 69, figs 10-12. Sec 
ssmonymy. 

The leaflet figured here, although somewhat fragmentary, has a well- 
preserved apex and several la^e rounded, apical teeth, together with the 
characteristic venation, sufficient to identify the species. The rounded, 
winged fruits have nut yet been reported from the same locality, but they 
may be looked for with confidence. 

Occurrence.—In shales on Bridge Creek, northwest of Mitchell, Oreg. 
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MALPIQHIACEAE 

Tetraptarlf slmsooi Brown, n. sp. Fig. 9 

A 4-wingGd aamara resembling a propeller, one of the wings of which is 
shorter and narrower than the other three. Venation of wings subparallel 
to flaring near the apex. 

This fruit resembles those of a number of living species of TetraplenB^ 
particularly T, scAtedeana, found from Mexico to Brasil The species is 
named for A. Q. Simson^ U. S Forest Service, who guided me to this locality. 

Occurrence .—Four miles west of Mitchell, Oreg, in strata probably in 
the lower part of the Clarno formation. 

olbacbar 

FraxinuB flezifolla (I.<esquereux) Brown Fig 6 

Fraxinus jlexijoha (Ijesquereux) Brown, 8, p 64. 

This is the first sn'd to bo rc'ported in confirmation of the previous 
identification of ash foliage m the Qrecn River formation Although the 
wing is narrow, it may originally have been wider near the apex. 

Occurrence, —Gretm River formation (middle Kocene), on Piceance Creek, 
west of Rio Blanco P 0 , Colo 

MRNVANTHACEAE 

Limnanthemum circularis (Chaney) Brown, n. comb. 

Aaarum circularis Chaney, 13, p. 115, pi 13, fig. 11. 

'I'he resemblances in form and venation between leaves of Asarum and 
Limnanthemum are very striking. Nevertheless, there are distinctive differ¬ 
ences, so that when the fossil leaf ascribed to Asarum by Chaney is sub¬ 
jected to close scrutiny, its assignment to Asarum becomes untenable. In 
Asarum there is a midrib flanked by two strong lateral primary veins, from 
which basal as well as higher branches arise. The base of the bladc^ together 
with the midrib and primary veins, make a broad, flaring transition into 
the petiole. In Limnanthemum the leaves are peltate or nearly so with a 
sharp transition of petiole to blade As should be expected in such leaves, 
the primary venation is radiate, although one pair of primaries, depending 
upon the length of the leaf, may appear stronger than the rest. This is the 
condition in the fossil specimen. 

Asarum is a genus of low herbaceous land plants The possibility of such 
remains getting into the fossil record is perhaps not unlikely, but the proba¬ 
bility is remote lAmnanthemum, on the other hand, is a genus of some 20 
species of aquatics widely distributed in temperate and tropical regions and 
18 very likely to get into the fossil record, especially in sediments in quiet 
waters, such as those in the Bridge Creek and Crooked River basins of 
Oregon must have been. 

Occurrence .—Gray Ranch on Crooked River, Oreg, 

OP UNCURTAIN AFFINITY 

BankslteB Uneatui Lesquereux Fig. 11 

Banksites lineaius LesquereUx, 26, p. 166, pi. 32, fig. 21. 

Banksites hneatulus Cockerell, 16, p. 8, pi. 2. fig. 3. 

Originally described from the Florissant lalce beds and subsequently from 
the Green River formation, this species has since been found in strata at 
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Gray Ranch on Crooked River, Oreg., and in beds probably in the lower 
part of the Clamo formation, 4 miles west of Mitchell, Oreg. The present 
occurrences arc reported to indicate further relationship between a number 
of western Tertiary floras. 

Occurrence .—Gray Ranch, Crooked River, Oreg. Collected by Charles B. 
Read. 

Porana speirii Lesquereux Fig. 12 

Forana apetrti Lesquereux. Brown, 0, p. 683, pi. 60, figs 1-3. Sec syn¬ 
onymy and discussion.—10, p 185, pi. 61, fig 14. 

Ftbumum palmatum Chaney and Sanborn, 15, p. 07, pi 40, fig. 4 [not fig 3] 
These calyces, although readily identifiable, continue to be mysterious in 
regard to their botanic affinity The specimen figured here is the largest the 
writer has seen, the figure of that described by Chaney and Sanborn as 
Viburnum palmatum being twice natural size. Smaller, but otherwise similar 
specimens were found in 1038, 4 miles west of Mitchell, Oreg , in beds pre¬ 
sumably in the lower part of the Clarno formation. 

Occurrence —Gray Ranch, Crooked River, Oreg. Collected by Charles B 
Read. 

Porana tenuia I.esqucreux Fig. 13 

Parana tenuis Lesquereux, 26, p 173—Knowlton, 1016, p 286, pi. 27, 
figs 4-6 

Philadelphus bendirei (Knowlton) Chaney, 13, p 118, pi 17, fig 5. 

Cornua ovaha Ijesquereux Chaney, 13, p. 131, pi 10, fig. 4. 

These speeimens, like Porana apetrti Lesquereux, also remain a mystery 
as to their correct botanic affinity. Specimens similar to that figured here 
were also found m 1038 in the Green River formation exposed along Piceance 
Creek, west of Rio Blanco P. 0., Colo 
Occurrence —One mile west of Grant, Mont., in strata of probable upper 
Oligocene age. 

additional chanobs 

Abies chaneyt Mason (28, p. 140, pi 4, figs. 1, 7, seeds) —Cedrela oregontana 
(Lesquereux) Brown 

Acer bolanden Lesquereux. Smith (31, p. 562, pi 28, fig. 6;pl. 20,fig 8;32, 
p 116, pi 3, fig. 3) a Acer oamontt Knowlton These are small leaves 
of the silver maple type. 

Acer negundotdea MacGinitie. Chaney and Elias (14, p. 42, pi 7, fig 10) = 
Oymnocladus caaet Berry. 

Acer osmonti Knowlton. Smith (32, p. 116, pi 4, fig 1) ^Platanua dtaaeda 
Lesquereux 

Asolla berry Brown (8, p 52, pi. 8, fig. 2)» AaoUa berryi Brown The omission 
of the "i" at the time this species was pubhshed was deliberate. Al¬ 
though the writer still believes that the principle is sound, it would 
seem that in this and in Pinua ball Brown the application was un¬ 
fortunate and confusing because of the connotations of the specific 
names. 

Betula f dayana Knowlton (23, p. 41, pi. 4, fig. 4) ■> Ulmua apecioaa New¬ 
berry. This leaf has doubly serrate teeth and is evidently a small leaf 
of the apecioaa 

Betula lacuatna MacGinitie (27, p. 50, pi. 4, fig. 2)=Alnua carpinoidea 
Lesquereux. 
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Cedrela oregoniana (Lesquereux) Brown. Smith (32, p. 116, pi. 3, fig. 7) a* 
Caatanoptit perplexa (Knowlton) Brown. 

Fagtu sp. HolUck (20, p. 401, pi. 30, fig. 4) Fagua vmahoenria LaMotte. 

Fagua aandutugenienaia Hollick (20, p. 390, pi 30, fig. 3; pi. 31, fig. 3; pi. 32, 
fi{^. 2, 3) = Fagxu waahoenaia LiaMotte. Although aanclteugenietma has 
priority, the writer urges that an exception to the rules be made_ here 
on the ground that the term is lengthy and cumbersome—a coinage 
contrary to the recommendations in the codes. 

Olyploatrobua europaetu Lesquereux. Smith (30, p. 225, pi 1, fig. 14)-i 
Olyptoatrobua oregonenata Brown. 

Oreopanox dtssecta (Lesquereux) Smith (32, p 116, pi l;pl. 2, figs 1, 5)>= 
Oreopanax preeoeetnfa (Brooks) Arnold. If Smith’s specimens are Affer¬ 
ent from those called 0. precoeeinea, they certainly are not identical 
with the Florissant species called Ardlta dtaaeeta. 

Phylloleulhta aubovata Meek and Hayden (1870, U. S. Gcol. and Geog 
Survey Terr. Kept. 9 : 606, pi. 33, fig. 3) >= Ntlaaonta gtbbait (Newberry) 
Hollick. The illustration of Phylloteulkta aubovata is in part recon¬ 
structed to show an alleged resemblance of the specimen to the "pen” 
of a squid. The fact that this specimen, from Fox Hills strata (Upper 
Cretaceous) on the Moreau River, S. Dak., is embedded in a block 
carrying marine mollusks, was further cause for believing it to be the 
remains of a marine animal. The form and venation, however, identify 
it as part of a ^cad leaf. (See Brown, 11, p. 246, pi. 40, figs. 5, 6; 
pi. 62, fig. 6b ) This specimen was called to my attention by John B. 
Reeside, Jr. 

Ptnua ball Brown (8, p 63, pi. 9, figs. 6-10)*PinM« ballt Brown. Sec com¬ 
ment on Azolla berry Brown. 

Platanua regularia Knowlton. Smith (32, p 116, pi 4, fig 2)^Plaianua 
dtaaeeta Lesquereux. Given a large enough suite of Sucker Creek ma¬ 
terial, this specimen can be duplicated rei^ily as a variant of P. dtaaeeta. 
What does Mrs Smith mean by the paradox: “The specimens are 
easily separated from P. dtaaeeta, with which they have much in 
common”? 

Popuiua balaamoidea Qoeppert Elias (18, pi 367, fig. 6)^CeUta kanaana 
Chaney and Elias. 

Ptelea enervoaa Smith (31, p. 560, pi. 29, fig. 6)=‘Ptelea mtoeeniea Berry. 
The lack of venation in this specimen can be explained by the fact that 
the Sucker Creek matrix is notoriously imor for preserving fine details. 
The small siso of this fruit does not eliminate it from falling within the 
limits of variation of P. miocentea, if the latter be compared with living 
species of Ptelea. 

Pitloteuthia foltatua Gabb (1869, Paleont. California 2:128, pi. 19, fig^. 4)» 
Sagenopteria eUiptica Fontaine. Originally described from the Sha^ 
group (Cretaceous) of California, by Gabb as the “pen” of a squid, 
and recently redescribed (Rehn, John W. H., 1939, Acad. Nat. Sci. 
Phil^elphia Notulae Naturae no. 9, pp. 1,2) as a cockroach wing, this 
specimen represents a species of fern common in the flora of the Shasta 
group. This specimen was called to my attention by F. M. Carpenter. 

Quereua malheurenata Smith (31, p. 560, pi. 29, fig. 1)» Acer bendirei (Lesque¬ 
reux) Brown. The venation of ttus leaf, together with the form of its 
lobes, would, if the leaf were completely reconstructed, show clearly 
that it is a leaf of the macrophyUutn type. 
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Rhw oregonmaiB Smith (31, p. 661, pL 20, fig. 9)^ Acer glabroides Brown. 
This is a deeply lobed le^. Instead of having rounded teeth as in Rhus 
trilabata Nuttall, with which it was compart, the teeth are sharp and 
in the lower left lobe are represented as being double, which they 
never are in R. inlcbata. 

Salix coaltngensis Dorf. Chaney and Elias (14, p. 37, pi. 4, fig. 6)« 
Saptndus oktahamensis Berry. 

Saltx perplexa Knowlton (23, p. 31, pi. 2, fig. 7) ^ Pterocarya mixta (Knowl- 
ton) Brown Fig. 7 depicts an entire-margined specimen, which, in fact, 
has serrate teeth. 

Sciadopitys amencana Smith (30, p. 225, pi. 1, fig. l)«Ptnus sp. This is a 
n<^Ie of a species of pine, of which tnree are described from the same 
formation and region. 
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ANTHROPOLOGY.— The finding of an Indian ossuary on the York 
River in Virginia} T. D. Stewart, U. S. National Museum. 

As recently as 1935, when Davidson wrote his paper on the burial 
customs in the Delmarva Peninsula, there were no published descrip¬ 
tions of Indian burials from the Algonkian territory south of Chesa¬ 
peake Bay. Since that time, however, detailed records have been made 
for at least 17 ossuaries—-the prevailing mode of burial—on the tide¬ 
water section of the Potomac River (Graham, 1935; Ferguson, 1937a 
and 1937b; Stewart and Wedel, 1937; Stewart, 1939 and 1940a). The 
present report adds to this record the only carefully investigated case 
from the tidewater region south of the Potomac. 

HISTORY OF THE REGION 

The earliest description of the York River is that of Capt. John 
Smith in 1608: 

This Riuer of Pamaunke [York] is not past twelue mile from that we dwell 
on [James], his course northwest and westerly as the other. Weraocomoeo 
is vpon salt water m bredth two myles, and so [the river] keepeth his course 
without any tariyin^ some twenty miles; where at the parting of the fresh 
water and the salt, it diuideth it selfe into two partes, the one part. . . 
[Pamunkey], as broad as Thames, and nauigable with a Boatc threescore or 
fourcscore miles. .. 

The other branch [Mattaponi] a little lessc in breadth, yet extendeth 
not nearc so farre. . . . (Arber, l^i, pp. 20-21) 

Repeating essentially the same description in 1612, Smith adds: 

Where this river is divided, the Country is called Pamamke [West Point!, 
and nourisheth neere 300 able men. About 26 miles lower on the Nortn 
side of this river is Werawocomoeo, where their great King inhabited when 

^ Published by permission of the Secretary of the Smithsonian Institution. Ra- 
eeiTed Maroh 1,1940. 
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Captain Smith woa deliuered him prisoner; yet there are not post 40 able 
men. (Arber, 1884, p. 51.) 

In addition. Smith’s map of 1612 shows three small Indian villages 
on the north side of the river between the fork and Werawocomoco: 
Pasaughtacock, Poruptanck, and Mattacock. The name of the second 



Fig 1.—Map Bhowlng the location of the ossuary in rdatlon to the York lliver 
and tne highway syiitein paBaing through the town of West Point. (Based on the 
Geological Burvey maps of Virgfnia New Kent, Urbana, Toano, and Williamsburg 
quadrangles, 190d»1019.) 

village in the course of time may have been extended to the creek that 
forms part of the boundary between King and Queen and Gloucester 
Counties and now known as Poropotank Creek. 

Beginning about 1642 (Nugent, 1934, p. 131 et seq), large tracts of 
land on the north side of the York River (then known as the Charles) 
were patented. The boundaries of these patents are usually indefinite 
unless physiographical landmarks are mentioned. In this connection 
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it ia noteworthy that “Poropotanck” Creek figures prominently in the 
land records. 

These are the essential|historioal data pertaining to the site of the 



Fi|. 2 —Appearanoe of the north ahore of the York River In the vloinlty of the 
oaauary. Lookinit north. Human bonee from the oaauary may be aeen on the bMch and 
protrudini from the bank. 

ossuary, which, it will be seen from the accompanying map (Fig. 1) is 
located on the north bank of the river between 4 and 5 miles below the 
fork, or where the present town of West Point is situated. 
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description of the site 

The circumstances of the find are as follows: Several years ago fol¬ 
lowing a spring flood, B. R. Anderson, the present owner of Bolleview 
farm, saw for the first time some bones exposed along the river bank 
about 850 feet upriver from his house. He reburied them. From time 
to time since then, however, bones have been seen along the beach, 
and finally in the fall of 1939 L. R. Treat, of West Point, obtained 
some and brought them to the attention of Dr. Malcolm H. Harris, 
also of West Point. Being familiar with the history of the colonial pe¬ 
riod, Dr. Harris at once sensed the significance of this find and im¬ 
parted the information to the Smithsonian Institution, suggesting at 
the same time a scientific examination of the site. As a result, I was 
detailed from October 26 to 28, 1939, inclusive, to make this investi¬ 
gation. 

At the time of my visit, bones could be seen protruding from the 
river bank (Fig. 2) for a distance of 10 feet. Also, loose bones w'ere 
seen along the beach, both nearby and at a considerable distance. 
When the sand was dug away from the base of the bank it appeared 
that the waves had undercut the bone layer and caused blocks of it to 
drop down, as is typical of this form of erosion. The soil in this area 
apparently contains much clay, for the vertical surface of the bank 
had been baked by the sun so that it resisted the point of a pick de¬ 
livered with considerable force. Under these circumstances, and since 
the protruding bones were badly damaged, there was nothing to do 
but remove the outer layer and thus reach the soft soil. When this 
was done it became possible to collect whole bones and to observe 
their relationship. 

It was determined that the bone layer (8 inches to 1 foot thick) ex¬ 
tended into the bank only about 4 feet in the middle and less at either 
end. It seems likely, therefore, that the original shape of the pit was 
ovoid—perhaps 8 by 10 feet. If this is true, then about half of the os¬ 
suary had been washed away before it could be examined. 

It was observed, also, that the remains found around the periphery 
of the pit—that is, farthest within the bank—^were at a higher level 
(3 feet from the top); in other words, the sides of the pit were not ver¬ 
tical, but sloping, as is the usual finding. Moreover, the limits of the 
pit were easily distinguishable, because the fill was softer and of a 
darker color than the undisturbed soil. The fill surrounding the hu¬ 
man bones yielded many large oyster shells, six potsherds, parts of a 
dog’s skull, a turkey humerus, and the calcaneus of a deer. 

The human bones within the ossuary were distributed in definite 
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bundles and frequently with related parts in positions indicating that 
they were still articulated when interred. At the point on the pe¬ 
riphery of the pit occurring deepest within the bank a quantity of 
charred bone fragments was found scattered about, but seemingly as¬ 
sociated with a well-preserved large male skull. It was obvious, how¬ 
ever, that these bones had been burned prior to burial. 

As the ossuary was explored a selection of bones was made for 
further study, consisting of whole skulls and long bones and such 
other parts as past study (Steward and Wedel, 1937) has shown to be 
of most value in this type of investigation. The examination of this 
material is reported below. 

CULTURAL MATBRIAL 

Potsherds constitute the only cultural material from the ossuary 
that requires further description. The six sherds recovered (U.S.N.M. 
no. 38071.5) suggest two types of ware: (1) A thick (7-9 mm) coarsely 
shell-tempered variety with irregular fracture lines; and (2) a thin 
(3-5 mm) lightly shell-tempered variety with straight fracture lines 
suggesting a coiled structure. Fairly large vessels are suggested by the 
curvature of the bigger sherds especially those of the coarser variety. 
Color ranges from black through variable gray to orange-buff. Leach¬ 
ing of the shell has left the surfaces pitted, particularly in the coarser 
variety. Otherwise the surfaces show mostly the striations due to a 
smoothing implement with an occasional faint suggestion of net im¬ 
pression or a cord-wrapped paddle. 

Only one rim sherd was recovered; it belongs to the thin variety of 
ware and has a crudely everted lip. The surface of this sherd has 
flaked off somewhat but still shows a diagonal striation that may be 
an attempt at decoration. 

During the time spent at this site I took the opportunity to examine 
the neighboring field and river bank. Local residents asserted that un¬ 
til recent years the shore at this point had been a part of the swamp • 
that now ends a short distance upriver (see figure). The field here is 
quite flat, and although it had not been plowed recently, except back 
about 100 feet from the river, it was possible to see some of the sur¬ 
face. Pottery was not in evidence; indeed, I found only one artifact, a 
snaall triangular quartz point. 

Downriver from the old colonial farmhouse, the fields, unlike those 
above, are full of oyster shells. Along this section of the river bank it 
was possible frequently to find small potsherds just below the sod. A 
small collection from this place (U.S.N.M. no. 380716) differs from 
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the ossuary sample chiefly in including thick grit-tempered sherds 
with exterior surfaces probably net marked. Because of the smallness 
of the samples, it is impossible to say whether these differences are 
significant. In general, however, these wares are typical of the area. 

SKELETAL MATERIAL 

Number .—Since part of this ossuary had been washed away, we 
can never know the accurate number of individuals buried here. Even 
an approximation, however, is of value for comparative purposes. For 
this reason the skeletal parts recovered (U.S.N.M. nas. 379062-379- 
088) are listed in Table 1. According to this listing more skulls are 
represented than other skeletal parts. In round numbers the maxi¬ 
mum is 25. Assuming that half of the ossuary was washed away, the 
number originally buried here was approximately 50. As compared 
with the Potomac ossuaries of which only 5 out of 17 contained 50 or 
fewer bodies, this one from the York River thus ranks with the mi¬ 
nority as small. 

Sex .—Exact determination of sex is difficult in fragmentary mate¬ 
rial and has not been attempted here. Both sexes, however, are repre¬ 
sented and not disproportionately. 

Age .—Most of the skeletal remains are those of adults, only 7 sub- 
adults being noted. As judged by the teeth of the lower jaw, these 7 
subadults fall into the following age periods: 2- 6 years, 2; 6-12 years, 
3; over 12 years, 2. 

Physical type.-'Oi the recovered skulls, 8 (adults: 4 males, 4 fe¬ 
males) were sufficiently complete to permit measurement. These have 
cranial indices ranging from low dolichocrany to low brachycrany 
70.7, 72.0, 72.7, 74.0, 74.1, 75.3, 78.3, 81.8 (asymmetrical). The mean 
height indices of these skulls, with two exceptions (81.9 each), indi¬ 
cate high vaults (83.9-88.5). These figures are typical of the general 
Algonkian ranj^ (Hrdli6ka, 1927). Further skull measurements will 
not be given here because a detailed study of the accumulating skele¬ 
tal remains from this area is planned for the future. 


Tablx 1.—Number or Boneb Recovered from the Ohhuary 
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The remaining skeletal parts present among other things two anom- 
alies, the frequency of which, even in such a small sample, suggests 
relationship with other Algonkian groups: (1) The external auditory 
meatus is generally free from exostoses, only traces being noted in 
7.1 per cent of the oars (42). This compares with 10 per cent for the 
two Anacostia ossuaries (Stewart and Wedel, 1937). (2) Of 26 humeri 
about 54 per cent show septal apertures. Although this is somewhat 
higher than the 43.2 per cent recorded for the Anacostia ossuaries, it 
is nevertheless fairly typical of the Northeastern Indians (Hrdli£ka, 
1932). 

Stature in such a small sample is perhaps best gauged by the maxi¬ 
mum encountered. Thus, the longest humerus is 36.3 cm and the 
longest femur 51.5 cm. According to Manouvrier’s tables (Hrdlifka, 
1939) these lengths correspond to a statute of nearly 6 feet. 

Pathology. —Pathological bones include 5 right and 8 left tibia with 
lesions such as are generally attributed to syphilis. One frontal bone 
shows scars perhaps caused by the same disease. 

As usual among the Indian remains from this region the teeth are 
frequently decayed. Caries appear to be chiefly of the developmental 
type; that is, beginning in the fissures on the occlusal surface. 

Burnt hones. —This lot of fragments—all that were found in the os¬ 
suary—includes parts of most of the major bones of the body and ap¬ 
parently of one individual. The lower jaw indicates that this individu¬ 
al was an adult. Unfortunately, however, the sex characters arc not 
positive; it was either a small male or a female. 

DISCUSSION 

The conclusion reached in this study is that the York River ossuary 
has the same general features as those found along the Potomac River. 
In view of the proximity of the two areas, and their history, this is to 
be expected. Among the features possessed in common by the major¬ 
ity of these ossuaries are the following: 

1. Association with a recognisable habitation site. 

2. Rounded pit, 3-4 feet d^eep, with sloping sides. 

3. Bones arranged in bundles and indicating at least a partial articula¬ 

tion. 

4. Poverty of accompanying cultural remains. 

5. Presence in the pit of burnt human bones 

6. Ages and ratio of sexes reflecting normal death rate. 

7. Physical type of the Northeastern Indians. 

8. Prince of dental caries and (probably) syphilis. 

The finding of the burnt bones in the York River ossuary is of in¬ 
terest in view of the following statement by Stewart and Wedel (1937, 
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pp. 218-219): “The finding of calcined bone in the second pit at Ana- 
costia is something new for this area and cannot be clearly explained." 

Of the ossuaries investigated since 1937 by Mrs. Ferguson, the late 
Judge Graham, and me, almost all have contained burnt bones. Mrs. 
Ferguson* informs me that each of her 5 major ossuaries contained 
deposits of burnt bones, varying in number up to 7 and estimated to 
have included at least 38 individuals. In no case did it appear that the 
firing had occurred in the pit, for adjacent bones were normal in ap¬ 
pearance. Moreover, whole skulls were sometimes found to contain 
fragments of charred bone. 

The records left by the late Judge Graham are not so complete but 
indicate essentially the same thing. Of the 4 ossuaries that he exca¬ 
vated, 3 contained deposits of burnt bone, ranging up to 4 in number 
and possibly including 10 individuals. In only one instance do I find 
an opinion expres.sed in his notes regarding the place of burning. This 
is to the effect that they could not have been burned in situ. In two 
cases Judge Graham noted that the burnt bones belonged to infants. 

Following up Judge Graham’s work at Potomac, I succeeded in lo¬ 
cating and partly excavating a fifth ossuary (Stewart, 1940a). Among 
the first human bones encountered on the periphery of this pit was a 
mass of burnt fragments representing remains of more than one in¬ 
dividual.* The position of this deposit—on the sloping side of the pit— 
and the close proximity of normal bones, make it seem improbable 
that the firing occurred in the pit. 

In addition, both Mrs. Ferguson and Judge Graham, but especially 
the former, have found individual secondary burials in which the 
bones were burned. 

The uniformity of these findmgs suggests that the burning of one or 
more individuals was commonly a part of the burial ceremony in this 
area.* Whether this ceremony was simply a cremation or a sacrifice 
naturally can not be ascertained from the bones. However, Mrs. 
Ferguson has called my attention to the following statement in Henry 
Spelman’s ReUUion of Virginea (Arber, 1884, pp. cv-evi): 

In y* Patomocks cuntry they haue an other god whom they call Quio- 
(^uascacke, and unto ther Images thev offer Beades and Copper if at any 
time they want Rayne or haue to muen, and though they obserue no day to 
worshipe ther god: but uppon neccssitye, yet onc[e] in the yeare, ther 
preests wlitch are ther coniurers with y* [people] men, weomen, and children 
doe goo into the woods, wher ther preests makes a great cirkell of fier in y* 

' Personal communieation. February 26,1040. 

' Material not yet studied. 

* Is IBIiO I examined the remains of an oesuary exposed m a gravel pit near Cam¬ 
bridge, Md. (Dorchester County). Here, too, a charred adult bone was noted. 
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which, after many obaeruanaes in ther coniurationa they make offer of 3 
or 3 children to giuen to ther god if he will apeore unto them and shew 
his mind whome he [wiU haue] desier. Vppon which offrinn they heare a 
noyac out of y* Cirkel Nominatinge such as he will haue, whome presently 
they take bindinge them hand and footte and cast them into y* circle of the 
fier, for be it the Kinges sonne he must be giuen if oncle] namra by ther god, 
After y* bodies whi^, arc offered are consumed in the fier and ther ceri- 
ynonces perform^ the men depart merily, the weomen weaping. 

It is possible, therefore, even though burned children’s bones are 
uncommon in the ossuaries, that all such remains represent some re¬ 
ligious rite other than a burial ceremony. 

Finally, a word may be said about the age of these ossuaries. Of the 
17 ossuaries to which reference has been made, 6 contained European 
articles— glEiss, copper, iron, or silver—^in considerable abundance; 
the remainder had only native artifacts—shell beads, clay pipes, etc. 
This finding represents, I believe, a clear distinction in time: befaMt^| 
and after trade goods became plentiful, or roughly before and a,Ww 
1608.* Since this dividing date is more than 100 years after the dis¬ 
covery of America, it seems unlikely that few or any of the ossuaries 
lacking European objects are pre-Columbian in age. This view is sup¬ 
ported by the presence of syphilitic bones in all of the ossuaries thus 
far examined. 1 have summarised elsewhere (Stewart, 1940b) the evi¬ 
dence for believing that this disease appeared in North America in 
relatively recent, possibly even post-Columbian, times. 
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PALEONTOLOGY — Fossil pearls from the Colorado group cf western 
Kansas ^ Roland W Brown, U S Geological Survey 

Although pearls taken from hvmg mollusks are familiar to everyone 
as histrous ornaments, often of great beauty, fossil pearls are seldom 
seen As a rule they are not spectacular, for, with few exceptions, they 
have lost their ongmal luster, and, unless still embedded m or asso¬ 
ciated with an identifiable shell they have also lost some of their sci¬ 
entific significance Whether they are as rare as the 46 or 50 records 
would indicate is not defimtely certain, because it is altogether likely 
that by many collectors they may hitherto have been unsought or 
may have been mistaken for other objects that simulate them, such as 
ordinary rounded pebbles, concretions formed by moigamo processes, 
cave “pearls," oohtes, pisolites, otoliths, fish teeth like those of Sphae- 
rodus, algal nodules, and even seeds or frmts of plants 

The hterature about ornamental pearls runs the whole gamut of 
fact and fancy, as one may learn from the extensive bibhography in 
The book of the pearl by Kuna and Stevenson (18) Of fossil pearls 
however, the hterature embraces only about 30 titles These are cited 
m part m the recent papers by Russell (24), Berry (2), Zilch (33), and 
Frenguelli (9) All these students have also published tables showing 
the distnbution of fossil pearls known to the date of pubhcation Zilch 
(33), m particular, has reviewed every occurrence known to him and 
has made two changes that should be noted by those who compare 
these tables, namely, Pema oibiUmga Seeley is P sedoyt Zilch, and Per- 
na sandbergen, cited erroneously at first by Zilch (32), is P oblonga 
Rohmer and BQchner (33) In the latest table, that by FrengueUi, 
Pema oNon^a should read P sseleyt Pema eand^^en should read P 
oblonga and the occurrence 5 should be changed from Phocene to Oh- 
goeene. Nautilus sp should read Pleuronautilus pseudoplantlaterus, 
also the occurrence cited as 30 in the Eocene should be changed to Oh- 
gocene All the tables cited have omitted J Mtfwick’s record of pearls 
from Meltna sedlandiea m the Phocene of New Zealand (20) Further 

> Publubwl by penaiMion of the Dueotor, Qeologieel Sunrey U S Depertnent 
of tho latenor aaeelTed April 39,1910 
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recotrdB not appearing in previous tables are those by Dom (7) and 
Kutai^ (10). Here too may be added a note that Dr. S. F. Blake, of 
the U. S. Bureau of Plant Industry, has found subsequent to Berry’s 
record (2) a large blister pearl also in a Panopea americana shell from 
the Miocene at Jones Wharf, Md. Blake’s pearl is slightly larger than 
Berry’s but has the same outline and occurs in exactly the same posi¬ 
tion near the hinge line. The exterior of the shell does not now show 
evidence of having been perforated, but irregularities in the amount 
and contour of shell substance indicate that some pathologic condition 
prevailed. The instances to be recorded here are worthy of being 
added to the list of occurrences of fossil pearls, because the pearls are 
not only firm, unusually large, well formed, and characteristic, but the 
records are from strata that, although carrying marine faunas chiefly 
of Foraminifera and Molluscs, have not yet been cited as yielding 
pearls. 

Five of the new specimens (Figs. 1, 3, 4, 5, 12) were collected by 
George F. Sternberg, of the Fort Hays Kansas State College, at Hays, 
Kans., from scattered outcrops of the Niobrara formation (Upper 
Cretaceous) along the Smoky Hill River valley west and southwest 
of Hays and extending into Gove and Logan Counties toward the 
head of that valley. Several of these specimens were taken from re¬ 
mains of Inoceramus, but a few were found free. Two specimens (Figs. 
7, 10) were collected by A. H. Schutte, of Ellis, Kans., from the 
Benton shale, which underlies the Niobrara limestone, along a tribu¬ 
tary of Smoky Hill River, 16 miles south of Hays. These 7 specimens, 
together with 36 more collected by a friend of Mr. Sternberg from 
the Benton shale 18 miles east of Hays, were sent to the writer by 
Mr. Sternberg for confirmation of the tentative identification as 
pearls. 

All the Niobrara pearls are now' lusterless and are dull, yellowish 
gray to dark gray in color. Four are of discoid or oblate spheroid 
form, the largest (Figs. 5, 6) having a long diameter of 2 cm and a 


FlfB 1-6, 12-16, 16, 20.—Fosail pearls from the Niobrara limestoae. Figs. 1, 2.— 
Different views showing same pearl partially embedded in the pnsmatio lam of an 
InoeeramuB shell. Fig. 6.—Side view of 6. Fig, 13.—Side view of 12, showing equa¬ 
torial line where cut was made for section 14 Fig. 16 —Section at right angles to the 
long diameter showing irrcffularitloe in deposition of the laminae. The dark spots are 
limonite. X4. F^g. 16.—fitme as 14, X4. Fig. 16.—A sector of 14, showing radial 
prismatic oaloite, X40. Fig. 20.—Pol^nal surface pattern of 5. X16. Figs. 7-11, 
21,22.—Fossil pearls from the Denton shale. Figs. 7-u.—Top, side, and bottom views 
of a hemlspherio pearl Figs. 10,11.—^Top and bottom views of a baroque. Fip. 17, 
18.—Bottom and side views of a modem hemispheric pearl from the common clam, 
Fsnus meremaria, for oomparlson with 8 and 9. 21.—A hemispheric pearl resting 

on the prismatic layer of an Inoe«ramu$ shell. Fig. 22.—Group of spherical pearls. 
All figures natural sise except as indicated. 
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ghort diameter of 1.3 cm. The smaller specimens (Figs. 3,4) are some¬ 
what irregular and appear to have suffered slight fracturing and dis¬ 
tortion by mechanical causes probably subsequent to entombment in 
the Niobrara sediments. Portions of the smooth outer laminae of 
some of the pearls have been spalled off. This outer surface, where 
well preserved, is seen under a 14-power hand lens to be a pattern of 
minute, closely packed polygons (Fig. 20), each convexly domed out¬ 
ward. These polygons represent the slightly eroded ends of radial 
prisms. The smooth surface of the prismatic layer exposed on the 
interior of an Inoceramua shell displays the same pattern. 

Figs. 1 and 2 illustrate an almost spherical specimen, similar in 
color and texture to the others but partially embedded in a piece of 
the prismatic portion of the host Inoceramua shell. Nothing appar¬ 
ently now intervenes between the pearl and the shell, and none of the 
nacre of the shell remains, but whether this means that the growth of 
the prismatic layer was gradually enveloping the pearl is a matter of 
conjecture, though parallels to this condition are not rare in modern 
moUusks. The writer has been unwilling to risk destruction of the 
pearl by attempting to detach it from the shell merely to satisfy 
curiosity on this point. 

One specimen (Figs. 12-16) was cut in half through the equator by 
using a thin copper wire and carborundum powder. The sections re¬ 
veal numerous light and dark, concentric, closely-spaced rings or 
laminae around a small, indefinite, rusty-stained nucleus. Darker 
parts of some rings are transitional circumferentially into lighter por¬ 
tions of the same rings. Under the microscope the rings show some 
slight variations in smoothness of curvature and in width both in 
themselves and as compared with one another (Fig. 10). They are 
composed for the most part of large, radially disposed crystals of 
calcite. No conchiolin appears to be present now. The section does not 
display a black cross under crossed nicols, and in this respect is similar 
to the prismatic portion of Russell’s second pearl (24, p. 422). Narrow 
radial sones of distortion along which secondary calcite has been 
sporadically deposited may be seen in the right half of Fig. 10. Fig. 15 
is a section cut through the short diameter at right angles to the long 
diametm*. It differs from the previous section chiefly in showing 
greater irregularity in deposition of the concentric laminae. The dark 
spots are flecks of secondary limonite, probably after pyrite. These 
sections compare well with those reproduced by Russell (24, flgs. 4-7), 
Newton (22, pi. 5, figs. 3-6), Kuna and Stevenson (18, plate facing 
p. 53), and others. 
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It has already been intimated that the Niobrara pearls were pro¬ 
duced by a species of Inoceramiis. The large sise of the pearls predi¬ 
cates a large mollusk as host, and this suggests that Inoceramua 
[Haplotcapha] grandia may have been the species, but certainty con¬ 
cerning this can not be established until a pearl is found in a shell or 
portion of shell which can be specifically identified. 

The Benton pearls are of various forms: spherical (Fig. 22), oblate, 
hemispheric (Figs. 7,21), oblong, and irregular (Fig. 10). These pearls 
are, in general, darker in color than the Niobrara specimens. The 
largest is an irregularly rounded baroque, 3.5 cm in diameter, with a 
corrugated surface. The surfaces of these pearls display the distinctive 
polygonal pattern noted in the Niobrara pearls (Fig. 20), and there is 
no doubt that the Benton pearls were also produced by one or several 
large species of Inoceramua, for a number of specimens are still at¬ 
tached to portions of shell showing the characteristic hinge line. 

Figs. 7, 8, and 9 represent a specimen, hemispherical in general 
form, its top (Fig. 7) slightly flattened with a depression in the center. 
The under side (Fig. 9) displays a series of concentric growth rings, 
but at the outer edge can be seen the now ragged margin of the smooth 
coating of the upper surface lapping over on the under surface. This 
condition can be matched by the structures observable on the under 
sides of modern hemispheric pearls (Figs. 17, 18) from the common 
clam, Venus merc&naria. The dimple on the top side also finds its 
counterpart in some modem pearls. The development of hemispheric 
pearls is explained by Kunz and Stevenson (18, p. 57) as follows: 

When a growing pearl is very near to the nacreous lining of the shell, the 

f )re8sure between the two hard substances results in a rupture of the p^l- 
orming sac and the epithelial layer of the shell, and the pearl comes in 
actual contact with the nacre. The pearl gradually becomes attached to the 
shell, and the under portion is prevented from growing further; the upper 
or exposed surface receives other layers, resulting in the formation of a 
bouton. 

Figs. 10 and 11 represent the top and under sides of an irregular, 
flattened pearl. In structure and appearance this specimen seems un¬ 
related to those already described. On the under side, however, ec¬ 
centric lines of growth aroimd a distorted nucleus can be detected, 
and the smooth patch on the upper side under a 14-power hand lens 
displays the same polygonal pattern as the surface of the other pearls. 
Because this pearl is thin, flat, and irregularly but smoothly lobed or 
corrugated it would seem to compare best with a modem baroque or 
perhaps a blister pearl. The latter are said to be formed when foreign 
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Tablr 1.—DiBTiUBimoN or Fossil Pbarls. (Numbers refer to dtations. 

B, N » Benton and Niobrara pearls described In this paper.) 
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bodies such as sand grains become lodged between the mantle and the 
shell, or when a mollusk attempts to repair injuries to the shell. 

Many of the fossil pearls so far reported were derived from species 
of Inoceramus of the Cretaceous period, a circumstance that would 
seem to label these species as the pearl "oysters” par excellence of 
that time, 100,000,000 years ago. The only other Cretaceous records 
are from species of Pema, Exogyra, and Hipjmritet. 

No definite pearls have been recorded from the Paleosoic, but 
J. Smith* reports from the Upper Silurian: 

PearU 0.—In the shale at Sedgley, Woolhope, Donnington, Lincoln Hill, 
Benthall Edge, and Gleendon HUl, a number of minute spheroidal bodies 
occurred. Some are silvery white, some yellowish, and others of a dark-brown 
color when viewed by rraected light. All of them have a peculiar pearly 

' Smita J, Sclti M a edttedion ef hitotutd Bnt«mo$tnea and elkar BiitroBoa from 
Ikt Uppar 0({urum itrata tht Skropikire Dittritt. Geol. Msf. n. wr., dee. 2, 3t 72. 
1881. 
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lustre. One that had been split through the middle shows a concentric lami¬ 
nated structure. On washing some of the rotten limestone from the Much- 
Wenlock quarries, I found ^ese pearls (7) very abundant 

All the Mesozoic and Cenozoic periods are represented by examples. 
In Table 1 showing the distribution of fossil pearls as now' known the 
numbers refer to citations which, in several instances, include more 
than one occurrence. 

It will be observed that all the moUusks in the list, with the excep¬ 
tion of Ceratites and PleuronatUilua, are bivalves (pelecypods). Theo¬ 
retically, however, any mollusk that builds a shell by means of a 
mantle that, besides depositing the homy periostracum or outer layer 
and the calcareous prismatic middle layer, also secretes the calcareous 
nacre or mother-of-pearl of the inner layer, shoiild be able to produce 
pearls. Today most commercial pearls come from species of bivalves: 
pearl “oyster” (variously assigned to Ptnctada, Mdeagrina, or Mar- 
garitifera), sea mussel (Myhlua), fresh water mussels (Unto, EUiplio, 
Anodonta, Dtpaaa ); but species of many other genera also yield pearls. 
Among univalves (gastropods or snails) the following are known to 
produce pearls: common conch (Slrombua giga»), abalone (Halioha), 
and chank (Turbinella). The pearly nautilus (Natdtlua pompUiiu), 
a cephalopod, sometimes produces pearls of a yellowish color. 

The inevitable question always a.sked concerning pearls is. How do 
they originate? Considerable investigation has been conducted in 
attempts to penetrate the mollusks’ secret, with the result that some 
specific conclusions now seem sound. To understand the causes and 
methods of pearl formation it is necessary first to consider what the 
end product, a pearl, is. The usual spherical pearl is a calcareous con¬ 
cretion composed of a nucleus and many more or less concentric layers 
or laminae of minutely platy aragonite (mother-of-pearl, nacre, 
CaCOi), separated by thin layers of organic conchiolin (CioH 4 iNtOii)- 
Spherical pearls, however, are only one of the many forms pearls may 
t^e. These forms depend largely on the position of the pearls in the 
mollusk, whether attached to the shell or free in the mantle or muscle. 
Pearls originally free may eventually be buried by enveloping shell 
growth. The free pearl is formed within a sac lined by epithelium, the 
layer of the mantle that secretes the different parts of the mollusoan 
shell. The methods by which epithelial sacs are formed and how they 
enclose instigating nuclei are discussed and illustrated by Dakin (5, 
pp. 91-116), and Boutan (4, p. 294). 

Inasmuch as different areas of the mantle surface deposit different 
parts of the molluscan shell, how does it happen that epithelium de- 
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rived from one spot in the epithelium of the mantle and now lining 
an isolated pearl sac can produce a pearl that duplicates the com¬ 
position and structure of all the substances of the host shell? Dakin 
(5, pp. 24,25) answers: 

If a mollusc shell is broken (or a piece of the shell removed) some distance 
away from the edge, a most extraordinary thing happens, which is of the 
greatest importance in regard to theories of pearl formation. The shell is 
repaired, but the repair substance is not, as was once thought, only nacre 
The mantle celb, which normally would be secreting nacre, now secrete at 
the area of breakage, first pcriostracum, then prismatic layer, and finally 
mothcr-of-pcarl. Thus, although certain parts of the mantle surface secrete 
normally certain definite parts of the shell, the cells which secrete the nacre 
are capable of secreting all the other layers if necessary. 

It follows that the segregated epithelium surrounding the nucleus 
of a pearl may deposit layers of both calcareous and organic sub¬ 
stances. Part of the epithelium may even be secreting aragonite, while 
simultaneously another part is depositing conchiolin. Next to an in¬ 
citing nucleus, therefore, epithelial cells play the essential role in the 
process of pearl formation. 

The importance of the epithelium was demonstrated by the experi¬ 
ments of Alverdes and also by the practical experience of Mikimoto 
with culture pearls. In the modem culture pearl industry as practiced 
by the Japanese, a pellet of nacre is first placed on the epithelium of 
the mantle of one moUusk. After enclosing the pellet and suturing, this 
part is excised and transplanted to the mantle of another mollusk, 
which is then returned to the water. Upon removal, after a period of 
seven years, about 60 percent of the mollusks yield pearls. Of these, 
5 percent are said to be marketable (8, p. 423). 

Although the age-long empirical methods of the Chinese in arti¬ 
ficially stimulating mollusks to produce pearly growths by introduc¬ 
ing foreign objects, such as small images of Buddha, between the shell 
and mantle, suggest that some natural pearls may originate from the 
accidental intrusion of grains of sand, particles of mud, fragments of 
shell, etc., nevertheless evidence is accumulating to the effect that 
many, and perhaps most, natural pearls have their inception from 
particles originating within the epithelium of the mantle, or from 
parasitic larvae of worms that become encysted within the epithe- 
liiun. In the latter case, if the mollusk is not devoured by that one of 
its predators which is the next required host in the predestined life 
cycle of the worm, a death sentence automatically passes upon the 
larva, and it is forthwith entombed in a pearly mausoleum. To quote 
Kuni and Stevenson (18, p. 45): “Some truth exists in the statement 
that the most beautiful pearl is only the brilliant sarcophagus of a 
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worm.” Some of the Benton and Niobrara pearls, therefore, may be 
mute testimonials to the Cretaceous existence of a cestode or trema- 
tode of which we may never know anything more. Some may also 
indicate shell-boring predators. 

The writer is indebted to many of his colleagues for help in this 
study, but particularly to Dr. W. F. Foshag, curator of mineralogy 
at the U. S. National Museum. Specimens (P^s. 1, 5, 7, 14, 21, 22) 
are deposited in the U. S. National Museum. 
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PALEONTOLOGY.— Two new corals from the Avenal formation 
(Eocene) of California.^ John W. Wells, Ohio State University. 
(Communicated by John B. Rbeside, Jr.) 

The two new species of solitary corals described below were col¬ 
lected by Dr. Ralph Stewart, of the United States Geological Survey, 
who kindly turned them over to the writer for description. They are 
particularly interesting because of their close relationships with Eo¬ 
cene corals of the Gulf Coastal Plain and the Antillean regions. 

Family CALAMOPHYLLIIDAE 
Genus Antillosbrib Vaughan, 1906 

AntiUoseils? vaughani, n. sp. Figs. 1, 2 

Corallum solitary, turbinate, daring rapidly from a subcylindrical base. 
Calice circular, shallow. Corallite w^ synapticulothecal, thickened to a 
septotheca basally, irregularly perforate near calicular margin, nonepithe- 
cate, costate. Costae corresponding to all septa, equal, crispate or finely 
granulose laterally and on margins. Septa very numerous, in six ssrstems, 
probably with six complete cycles and part of the seventh (about 2M septa 
in holot}npe). Septa tmn, mostly imperforate and laminar, except those of 
the first two cycles which are relatively thick and laterally and basally sub- 
spinose, with inner ends free and thickened, ^napticulae rare except in 
mural region. Endotheca and exotheca absent. Columella wholly absent. 

Dtmeneions of holotype. —Diameter of calice, 20 mm; height of corallum, 
7 nun; diameter of corallum 7 mm below cahee, 7 mm. 

H^ype. —U.S.N M no. 49M97. 

Type uealtty. —U. S. Geological Survey locality 14482; Califomia, Kettle- 
qian Plain quadrangle, T. 23 S., R. 17 E., sec. 36, 400 feet south of north 
boundary and 2,110 feet cast of west boundar;^ of section, near Little Tar 
Spring. Avenal formation, near Domengine horison. 

Remarks.—The agaricid nature of this coral is shown by the thin, slightly 
and irregularly perforated septa and by the synapticulothecal wall. The al^ 
sence of any disMpiments, even basally, and of any trace of columella further 
indicates a nnenc assinunent in or very close to AnUUosens, a genus con¬ 
fined to theEoeene and heretofore found only in the AnUUean region. In all 
the described species* of AntiUoseris, however, the corallum is more or less 

> Received April 10. 1940. 

*Dunoan, P. M. Quart. Joum Qeol. See. London 29:668-660, pie. 21,32. 1878. 
Vavoban, T. W. Bull. Mue. Comp. ZmI. 34:246-346, pL 40. 180^ In both thm 
papere the epeeies Included by Vaughan In AntiUoetrio in 1006 are described aa Tur* 

MMSSTM. 
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compressed and tapers basally to a very imall point of attachment, and 
since the present specimen is not compressed and apparent^ possessed a 
broad base of attachment, the reference to this genus is not pontive. 

Family FUNGIIDAE 

Genus Dibcotrochub Edwards and Haime, 1848 

Dlscrotrochus califomicus, n. sp. Figs. 3-6 

Corallum solitary, depressed-cupoloid in shape, with flat, circular base 
with faint scar of very early fixation. Corallite wall septothecal, thick, solid, 
horizontal, nonepithecate, costate Costae corresponding to all septa, alter¬ 
nating regularly in size, obsolescent towards center of base. Those cor¬ 
responding to septa of lower cycles larger, subacute with a few stout nanu- 
lations on edges. Septa 36 in number, in six systems, imperforate, highly 
exsert, outer margins vertical, inner ones gently convex to the circular cen¬ 
tral fossette, laterally ridged or granulated perpendicularly to mar^ns 
which are peripherally crossed by transverse denticulations where opposing 
ridges meet over margins Septa of the fourth cycle not developed in "dorsal” 
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Fig, 1 .—AtUittoierisf vaughani, n. ap., holotype; oblique basal view, showing polished 
section of base (note absence of columella and dissepiments), X2. Fig. 2.—Same, 
lateral view. XI. Fig 3.—DueoirocAus ealtforntcut, n. sp, holotype, view of oalice, 
X6. Fig. 4 . —Same, lateral view, X6. Fig. 5.—Same, baw view, X6. 

half of each of the six B^tems. Columella trabecular, small, extending up- 
waid about half the thicKness of the corallum. 

Dimenaiont of holotype —Diameter of corallum at base, 6 mm; height of 
corallum, 2.6 mm. 

DiTnenaione of parcUypee .— (l) (2) (8) (4) (iS) 

Diameter of corallum 6.5 6.2 6.76 6.6 5.6 mm. 

Height of corallum . . 3.0 2.0 2.4 2.76 2.6 mm. 

Paratype 2 is much worn. 

Hoiotype. —U.S.N M. no. 498608. 

Paratypee. —U.S.N.M. no. 498690, five specimens. 

Type lo&tUiy .—Same as for AtUtUoaertaf vaughant. 

Paratype locaiity. —U. S. Geological Survey locality 14482a. Same horison 
as type locality but on next ridge to east of type locality. 

Bemofka .—^tliis species is bam upon a holotsrpe ([the first collected) and 
five paratypes from a nearby locality. All are in a fair state of preservation 
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and show the characters of Discotrochua, a genus associate by most authors 
with the Caryrahylliinao. Recent study of the tsrpe species, D. orU^tantM 
Edwtuds and Haime,* by Dr. T. W. Vaughan and the writer, however, indi¬ 
cates that Diaeotrochua is scarcely distinguishable from the funpd Cyaoaaria 
except for the rarity of syna^iculao, smaller number of septa, and thicker 
basal wall in Diaeotrochua. The present species is distinguished from the 
genotype, and only other American species, D. orbignianua, of the lower 
Claibomian (Eocene) of the Gulf Coastal Flam, by the different proportions 
of the corallum. The ratio of height to diameter of D orbignianiia is 1:4, 
in D. ealtfomicua, 1:2.6. The latter is therefore relatively much higher than 
D. orbignianua. Further, D. orbignianua usually possesses four complete 
cycles of septa, whereas all the specimens of D. ealtfomicua examined show 
the fourth cycle only half developed in each of the six systems. 


PALEONTOLOGY .—A new Gisortia.* William M. Ingram, Cornell 
University. (Communicated by Julia A. Gardner.) 

The Giaorha described here, from the Capay stage, Llajas forma¬ 
tion, lower zone, Simi Valley, Ventura County, Calif., is the only spe¬ 
cies belonging to this genus thus far reported from North America. 
It is one of the species of mollusks used by Clark and Vokes (1936) for 
intercontinental correlation of west-coast Eocene and European Eo¬ 
cene faunas. These workers have compared it to Giaortia tuberculosa 
(Duclos) from the Ypresian stage, Paris Basin, France. They state, 
“The California specimen [Giaortia darkt Ingram] is somewhat more 
globose and the outer lip is not as prominently reflected posteriorly as 
in the Paris Basin form [Giaortia tuberculosa (Duclos)]. The evidence 
indicates that in both species the spire was submerged beneath a cal¬ 
lus wash.”* 


Gisortia clarki, n. sp. 

Shell globose, heavy; posterior canal prominently produced, and covered 
dorsall^ uy a shelf 8.5 mm broad on the outer side; dorsally on the columellar 
side this shelf narrows to a width of approximately 3 mm and slopes abruptly 
toward the ventral shell surface: pokerior canal produced 11 mm; spire 
almost totally submerged beneath outer enamel, the spire prak promoting 
3.5 mm from the body of the shell; a flattened surface persists to the left 
of the posterior canal: maximum width of posterior canal is 14 mm; esti¬ 
mated maximum width of anterior canal about 16 mm, a shelf with a maxi; 
mum width of 5 mm occupies the columellar side of the anterior eanal- 
this shelf is angled dorsally from the shell base; the anterior canal is ap¬ 
parently compressed dorsoventrally at its outermost extremity; outer and 
columellar lips of aperture broadly rounded; aperture curves to the left 
anteriorly and posteriorly. 

* Vacoban, T. W. U. 8 Qeol Surv. Mon. S9: 78-80, pL 6, figs. 18-lOb. 1000. 

> Received Februuy 2, 1040. 

' Clabx, B. Lm aad Vokbb, H. E. Summary of marine Boeene eeguenw umtam 
North Atnariea. Bull. Geol. Boe Amer. 47:801-878. 1089. 
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Dimenaiona —I^n^h 121 mm, breadth 04 mm, height 04 mm. 
Holotjfpe.—'Umv. California, Mus. Pal., invertebrate collection, no. 14844. 
Type loedlity .—Locality no. 4052, Museum of Paleontology, invertebrate 
coltectioi^ Capay stage, Ltlajas formation, lower zone, Simi Valley, Ventura 
County, Calif. 

The holotyro specimen is moderately eroded on the dorsal surface The 
greater part of the dorsal shell convexity is represented by an intact internal 



Fig 1 .—Ouortia darkt, n ap. Doreol view Approximately natural aize. 

mold. The shell substance is well preserved on the base, the extreme pos¬ 
terior region, columellar lateral shell boundary, and on the posterior three- 
fourths of the outer lip. The aperture is filled with a matrix, which prohibits 
a description of the internal surfaces of the columellar and outer lips. 

This species is named in honor of Dr. Bruce L. Clark, of the Department 
of Paleontology of the University of California, Berkeley, Calif. The photo¬ 
graph used here was obtained through his courtesy. The holotype specimen 
was also sent to the writer by Dr Clark. 
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BOTANY.— Spore formation in Matula.* G. W. Martin, State 
University of Iowa. 

The genus Matula was established by Massee (Joum. Royal Mior. 
Soo. 1888:173) to accommodate M. poronitt^ormis, a fungus first de¬ 
scribed from Ceylon by Berkeley and Broome (Joum. Linn. Soo. Bot. 
14: 73. 1873) as Artocreaa poroniaeform. Berkeley believed that the 
species so named was congeneric with Michenera Artocreas Berk, and 
Curt., but by an error he transposed the generic and specific names 
of the latter species, writing it, in a note appended to the description 
of A. poroniaeforme, Artocreas Micheneri. Shortly afterward (Joum. 
Linn. Soc. Bot. 15 : 83. 1876) he corrected the error, without, how¬ 
ever, actually publishing the combination Michenera poroniaeformis, 
which he had evidently meant to use in the first place but which seems 
to have been first printed in the Sylloge Fungorum 6:653.1888. Lloyd 
(Myo. Writ. 3: 443.1900) examined the specimens at Kew and satis¬ 
fied himself that Berkeley had really transposed the names, and Fetch 
in connection with his careful study of the Ceylon species (Trans. 
Brit. Myc. Soc. 11:67-81.1926) checked the situation independently 
and came to the same conclusion. . 

Massee restudied Berkeley’s material and, believiaif'w^ saw 
basidia, made Matula the type and sole representative of a new "or¬ 
der” of Gasteromycetes, the Matuleae, which he regarded as inter¬ 
mediate between the Nidulariaceae and the H 3 rmenoga 8 traceae. 
Many years later Rick (Broteria 5: 10. 1906), referring to what he 
regarded as a distinct species, Michenera Rompelii Rick, from Brasil, 
said: "Es gehort natUrlich unter die Hymenogastrineae als Hemihy- 
menogastria.” Lloyd (Myc. Writ. 2 : 391. 1908) transferred Rick’s 
species to Matula, and said, referring to both species: "The relations 
appear to be entirely with the Nidulariaceae.” Fetch, however, pre¬ 
sents convincing evidence that the Ceylon species is an imperfect 
stage of Peniophora habgallae Cke. 

Although Massee’s supposed discovery of basidia seems clearly to 
be based on misinterpretation of what he saw under the microscope, 
his generic name has been very generally adopted. Fetch, however, 
uses the generic name Artocreaa on the ground that the species de¬ 
scribed by Berkeley as A. poroniaeforme is genetically distinct from 
Michenera and was technically validly published. With this interpre¬ 
tation 1 can not agree. Berkeley believed his A. poronia^orme be¬ 
longed in the same genus as Michenera Artocreas, and his publication 


' Beesived March 21, 1940. 
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of Artocreat as a genus was no more than the result of a trick of mem- 
ory, as he himself pointed out. Such publication certainly does not 
comply with the conditions clearly stated in Article 37 of the Inter¬ 
national Rules. Massee was the first to recognise the generic distinct¬ 
ness of Matula, and, however erroneous certain of his conclusions 
may have been, his description does bring out the characteristics by 
which the genus may readily be recognised. So long as it is regarded as 
distinct from Michenera, his name should be applied. 

Berkeley described the spores of A. poroniaeforme as 0.0009 inch in 
diameter (24-26/i}- Michenera Rompelti Rick (Ann. Myc. 2 : 243. 
1904) was based largely on the supposedly smaller spore sise, less than 
20fi. Lloyd reported the spores of both species to be 18-20/i in diam¬ 
eter and concluded they were probably the same. Fetch, however, 
noted certain differences between them, particularly a continual basal 
layer beneath the cup in Rompelii, which he finds lacking in poroniae- 
formie, and concludes that it is doubtful whether they are identical. 

A species of Matula was fairly common in western Panamd in 
July 1935, being represented by five collections. Four of these are 
from the valley of the upper Rio Chiriquf Viejo, above 1,600 m., and 
the other is from the forest south of the Llanos del Volcdn between 
1,100 and 1,200 m. I have also a single collection from the Sierra 
Nevada de Santa Marta, Colombia, between 1,250 and 1,500 m. 
gathered in August of the same year. In addition, I have examined 
one of Rick’s collections from Brasil, now in the Lloyd Herbarium at 
Washington (no. 22541) and a collection of G. H. Cunningham’s from 
New Zealand, now in the herbarium of the Missouri Botanical Gar¬ 
den. All, I am convinced, represent the same species. Some fructifica¬ 
tions appear to have the continuous basal layer beneath the cup 
referred to by Fetch as characteristic of the American forms, but 
others lack it, appearing in section, except for the absence of bark 
fragments imbedded in the fructifications, essentially like the form^ 
illustrated by Fetch in figures 1-5 of his plate 3. As in the Old World 
specimens, the fructification is at first subglobose and closed, opening 
above very early and assuming the characteristic cupulate form. The 
spores are borne in peridiole-like chambers, originating from the walls 
of these chambers. In the older portions near the surface the waUs 
disappear, at which time this part has become a solid mass of the 
large, thick-walled spores, held together by their gelatinous walls 
(Fig. 2). The fructification is tough-gelatinous when fresh, drying 
somewhat homy, but readily regaining its original texture and ap¬ 
pearance when soaked (Fig. 1). The temptation is strong to regard 
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the New World and New Zealand specimens, on the one hand, and 
the Ceylon specimens studied by Berkeley, Massee, and Fetch, on the 
other, as referable to the same species. Hie manner of spore develop¬ 
ment in the former group, as I interpret it, differs decidedly, however, 
from Fetch’s account for the Ceylon form, and while a careful reading 
of Fetch’s paper makes it seem not entirely impossible that his is 
merely a different interpretation of the same structures, in the ab¬ 
sence of opportunity to examine Ceylon eollections, it seems proper 
to refer the specimens here discussed to Maiula Rompelii (Rick) Lloyd. 



Fig. 1 —Matula Rompelit (Rick) Lloyd. Group of four fructifiostiona, soaked, X3 

Fig 2 .—Matula Rompeln (Rick) Lloyd. Longitudinal section through fruotifica* 
tion near center, showing peridium, basal chambers, and solid mMii of spores at surface, 
X Ifi. 

According to Fetch, the spores of poroniaefonM are borne on coni- 
diophores that produce first a terminal spore, additional spores being 
borne basipetally. The lumen of the young spores stains deeply but the 
wall surrounding it remains hyaline and gelatinous, fusing with ad¬ 
joining hyphae so that the outline is indistinct. Finally, the central 
protoplasmic mass develop^ fin independent wall of its own, and the 
wall of the parent cell deliq^^||8ces, freeing the spore. We have, then, a 
conidium formed within a surely a curious phenomenon. Fetch 
argues that such a spore can not be a chlamydospore and regards the 
spore of Matula poroniaeformU as homologous with that of Michenera 
Artocreag, the essential difference being that in the latter species the 
wall of the mother cell persists as an apical appendage and a basal 
pedicel, while in the former species the wall gelatinises and disap¬ 
pears. Fetch notes that the hyphae of Matula bear clamp connections, 
but he makes no mention of any relationship between such structures 
and the spores. 
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In the American forms studied, including Rick’s Brasilian collec¬ 
tion, and also in the New Zealand material, clamp connections are 
abundant on the hyphae at the bases and sides of the spore sacs, 
where the spores are being formed (Fig. 3, a), but are only rarely and 
obscurely visible elsewhere. I have never seen any suggestion of 
conidiophores, as described by Fetch. The spores seem always to 
originate as intercalary structures on the hyphae and always at the 
apical side of a clamp connection. This is uniformly apparent in the 
young spores but progressively less so as the spores mature. The con¬ 
tents of the apical cell are retracted toward the septum, causing a 
pronoimced swelling (Fig. 3, b, c, d). The lumen stains deeply, while 



Fig. 3 —MiUula Rompeltt (Rick) Lloyd: a, A clump oonnection from region of 
spore formation: b, c, d, early stages in spore formation, showing acoumulation of 
protoplasm on distu side of clamp connection; e, ft ft K progressive stages In develop¬ 
ment of spore: spore freed from basal bypha, projections arising from lumen; ma¬ 
ture spore wltn double wall. All X 1,000. 

the outline of the thick, gelatinous wall is very faint. Sooner or later 
this wall ruptures or is dissolved, and then the spore appears to be 
terminal (Fig. 3, d, e, h). Finally it breaks loose from the stalk and 
gradually becomes globose, apparently developing, in its later stages, 
at the expense of the gelatinous matrix in which it is imbedded. At 
complete maturity (Fig. 3, j) the lumen occupies approximately two- 
thirda of the total diameter of the spore. The wall is composed of two 
layers, an outer highly refractive portion, at complete maturity 0.0- 
0 . 8/1 thick, and an inner clear layer 3-4/i thick or somewhat more. Oc¬ 
casionally the inner layer is divided by faint, concentric rings into 
two or more portions. Six or eight conical projections arise from the 
lumen and reach nearly or quite to the outer spore coat. Two or three 
of these are usually visible when the lens is focused on the optical 
center of the spore. It is not improbable that these represent germ- 
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pores. The outer wall above them appears, however, to be perfectly 
homogeneous. It seems elear that spores formed in the maimer de¬ 
scribed can not be referred to as oonidia, and the term ohlamydoepore 
comes nearer than any other to describing their true nature. 

The spores of the Brasilian specimen are more variable in siie than 
those of the Panamil and Colombia material, some of them reaching 
28 m in diameter, and the peglike protrusions from the lumen, while 
often present, are usually fewer in number and sometimes not evident. 
I doubt whether such differences are of taxonomic significance. 

No suggestion of possible connection with a perfect stage is to be 
foimd in any of the material at hand. Lacking information to the 
contrary it may be assumed that any perfect stage will prove to be a 
member of the Thelephoraceae. 


ZOOLOGY.—Boccardia proboscidea, a new apeeies of epionid worm 
from California.^ Olga Habtman. (Communicated by Waldo 
L. SCHSHTT.) 

The commonest representative of the family Spionidae, of the genus 
Boccardia, occurring in the intertidal sones of California, remains un¬ 
named and undescribed. This species is of interest not only because it 
occurs in abundance in the littoral sones where it is readily available 
but also because of several biological features, which may warrant 
more thorough investigation. 

My attention was first called to this species several years ago, when 
I was a member of Prof. S. F. Light’s courses in invertebrate soology 
at the University of California. At that time its designation was ques¬ 
tionable, and after a perusal of the literature I (Univ. California ^bl. 
Zool. 41: 48. 1936) referred it to Boccardia natrix (Sdderstrbm) 
without, however, consulting Sdderstrdm’s type materials. Since then 
the species has been noted many times along the coast of California. 
At the Scripps Institution of Oceanography, through the courtesy of 
Dr. Martin W. Johnson, it was possible to observe it also as an ele¬ 
ment in the plankton and to maintain adults and larvae under labora¬ 
tory conditions. 

This study has been supported through a grant from the American 
Association of University Women. I wish to express my thanks not 
only for the privileges already mentioned, but also to Dr. Waldo L. 
Schmitt, of ^e United States National Museum, for further cour¬ 
tesies. 
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BoccardU proboaddea, n. ap. Fig. 1 

tPdydora ealifomica Treadwell, Univ. Califonua Publ. Zool. 13 : 203-204, 

? 1. 12, 23-20. 1014 (not Spio ealtfomica Fewkes, 1880, which ia a 

*olifdora, aenau latiore). 

Boccardta natrix EEartman, Univ. California Publ. Zool. 41: 48. 1036. 
Joum. Waahington Acad. Sci. 26:32. 1936 (not Pdydora nairix SOder- 
atrOm, 1920; not Berkeley, 1936). 

The general form of the body ia long, depreaacd, widcat in the region of 
the eighth to aixteenth aegmenta, and tapera gradually poateriorly. ^mber 
of aegmenta ia about 125 to 160; total lenrth 30 to 36 mm but capable ^ 
much greater extension in life; greatest width preserved) is about 1.6 mm. 
Color m life is deep yellow to orange, with briglit-red branchial filamenta, 
and considerable du^ pigment along the proatomial ridges and palpal 
grooves; in preserved individuals all color fades except the sooty initrking ii 
along the proatomium and some along the palpal length. 

The proatomium is an elongatef, entire lone, without median groove such 
as characterises most species of this genus; a weakly developed emargination 
is visible only on the ventral aide (Fig 1, a). The lo^ is snoutlike (for which 
the specific name is proposed), it extends posteriorly between tne palp^ 
bases where it forms a low crown visible in lateral view (Fig. 1, d) and passes 
more posteriorly as a low, broad ridge to the posterior margin of the third 
setigerous segment (Fig. 1, b). In the region just anterior to the insertion of 
the palpal bases there are two or three purs of dark eye spots, clearly visible 
when the palpi are pushed somewhat to the ride. In immature specimens 
there may be several additional dark spots in these areas, but at least two 
pairs persist even in the largest individuals. The proatomial lobe is sharply 
set off from the peristomium by grooves at the rides of the snoutlike eleva¬ 
tion. The lateral and ventral aides of the oral opening are bounded by the 
apodous, achaetous peristomial ring (or first segment). Except for some 
longitudinal and transverse furrows and some wrinkles of contraction, it is 
quite smooth (Fig. 1, a, b, d). 

The second segment (herein designated the first seti^rous) is proximal to 
the peristomium; it bears a dorsal and a ventral fascicle of pomted setae, 
each provided with a small postsetal lobe (Fig. 1, d). These parapodial 
structures are comparatively weakly developed, less than half as la^e as 
those of the following segment, the setae both fewer in number and shorter. 
The second setigerous sep;ment resembles the next two. There are well- 
developed setigerous fsuicicles, the dorsal and ventral postsetal lobes are 
auricu^, and there is a long, filamentous branchia (Fig. 1, d). The fifth 
(modified) setigerous segment is nearly twice as long as the preying; it is 
provide with a dorsal icicle of stout hooks and an inconspicuous ventral 
fascicle of capillary setae (Fig. 1, «): there are no postsetal lobes. The stout 
hooks are of two l^ds—a longer, fsJeate, smooth hook, accompanied by an 
MUially heavy, though shorter, bushy-topped seta. In unworn condition 
(ing. 1, h) the falcate spine terminates distwy in a taping fang; the other 
has a characteristic subterminal constriction, then widens suddenly and 
ends in a spinous cap that is strongiy asymmetricai (Fig. 1, A). In worn con¬ 
dition both of these roines iose these characters (Fig. 1, j), but the cuplike 
base of the latter is stul notable. 

The next (sixth setinrous) segment is provided with pointed setae in 
both dorsal and ventral fascicles; its structures are .similar to those of the 
second to fourth segments, but the postsetal lobes are progressively Uu^. 
From the seventh uie neuropodium is provided with about ri|^t hoMed 




Fig. ].—Boeeardva proboaddeat new epeoiee: Antenor end, in ventral view, ihow- 
ing the rounded margin of the proatomiu lobe and the perlatomial ring bounding the 
oral aperture, followed by the fint two setlgeroue eegmenu; b, the same, in dorsal view, 
with only the palpal bam shown, the prostomial eaninole continued posteriorly; the 
eye spots are largely hidden because of their position at the sides of the pnMtomlal lobe; 
c. anal disk in posterior view, showing the 44obed arrangement; d, anterior end from 
the left side, the left palpus removed so that the eyes may be seen, setal fasddee in¬ 
dicated; s, posterior end from the left aide, showing the prolongation of the Yeainl 
lobes of the disk;/, parapodial gland from the ninth segment seen from the front, show¬ 
ing its oharaoterisuo outline g, hooded crotchet from tenth neuropodium; a, com¬ 
panion stout setae from the fifth setim in unworn condition; t, pointed seta from in¬ 
ferior fascicle of the modified fifth sAigerous segment; worn companion setae from 
the fifth seUgeroua segment. 
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crotchets, disposed in a single vertical series, and a smaller, inferior fascicle 
of about five or six slender, pointed setae. The latter persist through about 
four segments, but from the eleventh there are only headed crotchets. Noto- 
podia are provided with only pointed setae throughout. Hooded crotchets 
of anterior and posterior segments resemble one another. The distal end is 
bifid, the lateral fang nearly at right angles to the main stem, the HiwtjJ 
tooth smaller (Tig. 1, p). 

Branchiae are distributed on setigorous segments 2 to 4, and from the 
sixth to near the posterior end; the last few (two to four) se^ents are 
abranchiate. Setig^ous glands, characteristic of members of this family, 
are best develop^ posterior to the modified segment; they form a thick, 
sacklike, slightly L-waped, pouch (Fig. 1, f), terminating under the bodv 
wall adjacent to the hoodra hooks. The last setipr is followed by a broad, 
flaring anal disk (Fig. 1, c, e) unequally 4:-lobod, the dorsal lobes the smaller. 
The anal aperture lies in the depression near the renter of the disk (Fig. 1, c). 

B proboacidea is thus characterized in having branchiae distributed on 
setigeruus segments 2 to 4, and from segment 6 nearly to the posterior end; 
the first sotigerous segment has weakly developed nodopodial and neuro- 
podial fascicles; hooded crotchets are present from the seventh, the first few 
accompanied by an iiifcrior fascicle of pointed setae, the rest forming a 
single scries of hooks only; the prostomial lobe is long, entire, snoutlike, 
without median emarginatiou; it is continued posteriorly as a ridge to the 
posterior margin of the third setigerous segment; the modified sclent is 
provided with smooth falcate setae and bushy-topped setae m which the 
spinous area is asymmetrical. Its affinities are with B. polybranchta (Has- 
well), from which it differs in its entire prostomial lobe and in having setal 
fascicles both dorsally and ventrally in the first setigerous segment. Another 
nearly relat^ species is B. nalnx (SoderstrOm), but this has well-developed 
parapodial lobes on the first setigerous segment and the prostomial lobe is 
bifid; also the bushy-topped setae have paired bosses sulxlistally. 

Holoiype, —U.8.N M. no. 20217. Caspar, Calif. 

DialribuHon. — B. probosetdea inhabits a great variety of niches in the 
intertidal zones of California, south at least to San Diego and north to 
Mendocino, but its range may extend north to Puget Sound, Wash. It has 
never been encountered in dredged collections from deeper water. Careful 
investigations in other areas, however, may extend these ranges. 

Biology. — B. proboandea is conspicuously abundant in shale and limestone 
reefs, penetrating the softer rocks, boring usually at right angles to the sur¬ 
face, and sometimes present in such numbers as to cause the rock to break 
away. It is also an interesting dweller in high tide pools, where hollows are 
formed in sedimentary rocks. In such places the minute burrows of the 
spionid may be observed at the apertures of which the two long, waving 
palpi of the worm reach far out, after particles of food in the vicinity. 
Acommon association in such pools is with a small red harpocticoid copepod, 
of the genus Tignopus, on which the spionid feeds. Prof. 8. F. Light, of the 
University of California, has often called attention to this association, as 
well as to the high incidence of the Boceardia in these areas. An abundance 
of the latter is usually correlated with small numbers of Tigriopva. Its pres¬ 
ence in such habitats is also indicative of great tolerance for variations in 



386 JODBNAL or TH> WAIHINQTON ACADUIT OF BCIINCU TOL. 30, NO. 0 

salinity and temperature. Another favorite habitat is in narrow crevices in 
intertidal sones. Under such conditions a loosely constructed tube surrounds 
the individual. 

B. proiboaeidea is a voracious predator, feeding not only on algal particles, 
Bryosoa, Hydrosoa, and other attached organisms but actually capturing 
free-swimming animals. The greatly extensile, prehensile palpi are the ohi^ 
organs of food getting; the tip senses out favorable objects for ingestion and 
is firmly wrapped about any desirable object that is nipped off, taken up in 
the ciliary groove, moved orally, and swept into the mouth. 

Only fragmentary information is known of the life history. The eggs are 
deposited in ovoid capsules, 60 or more eggs in each, and five or more cap¬ 
sules in a tube. Aeration, produced by rhythmic movement of the adult, is 
continued while the young develop. The rate of development in any one 
capsule may be about equal for the various individuals, or very irregular. 
Development is fairly rapid and can be conveniently observed because of 
the ease with which they develop under laboratory conditions. 

Capsules collected from the tube of a single adult differ among them¬ 
selves. Some will have numerous larvae, all in a similar stage of develop¬ 
ment, with as many as 40 or more rapidly moving young When such a cap¬ 
sule is split open there is a great scurry to escape. If given nourishment, they 
flourish as plankton organisms and after some weeks metamorphose into 
settling young. In other capsules there may be only one or two much larger 
larvae, cannibalistic on the other contents in the capsule, and escaping only 
when all food has been used. Whether the other eggs fail to develop because 
of injury or some ensymatic influence has not been ascertained. At any rate, 
when such young emerge they are ready to settle immediately. Incidence of 
the larvae in the plankton is readily observed because of a unique pigmenta¬ 
tion pattern; already in a 7- to 9-8egmented stage the modified segment is 
differentiated. 

Syatmatic discussion —Several species of Polydora (sensu latiore) have 
been described from the west coast of the Americas, but the status of some 
of them is still in doubt. Unless typo specimens arc extant, some of the names 
may need to be dropped. The first spionid to be described from California 
was Spto ealifomtea Fewkes (Bull. Elssex Inst. 21:37-38. 1886) from Santa 
Barbara. It is difficult (perhaps impossible) to know what this is, but it must 
be considered in this discussion b^ause of the statement, “On the second, 
third and fourth body segments, counting from the head, we find a dorsal 
and ventral bundle of setae, and a dorsal and a ventral cirrus. The ventral 
cirrus [postsetal lobe?] is smaller than the dorsal. In die fifth body sogmont 
[modified segment?] there is a fan-shaped, deeply embedded bundle of large 
spines in addition to the dorsal and ventral clusters." There is, however, no 
mention of the distribution of branchiae, nor is it clear that the author dis¬ 
tinguished between branchiae and postsetal lobes, nor what is meant by 
dorsal and ventral cirrus. It is not possible to distinguish it as either a Boo- 
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eardia or Polydora (setiBU strioto). There is another statement regarding its 
tubes, which contradicts its inclusion in the family Spionidae: “The tubes 
. . . resemble those of SabeUaria but differ from them in oolor, siae, and form 
of the openings. The edges of the orifices are sharper and the tubes them¬ 
selves ore more compact." I know of no spionid which constructs such tube 
masses. However, the head is said to have "two long tentacles” (os in 
Spionidae) but they are described as papillated (Magelonidae??). Other 
features exclude it from the latter. I am unable to regard this as anything 
more than a Polydora in the broad sense. 

Later Polydora colifomica Treadwell (Univ. California Publ. Zool. 13: 
203-204, pi. 12, figs. 23-29. 1914) was dcseribed, its locality gpven as un¬ 
known. I have seen the single incomplete specimen, deposited in the collec¬ 
tions of the University of California It may be the same as the species 
herein described, but since the name turns out to be a questionable homo- 
njrm, it should be replaced by another A few years ago, while going over the 
collections at Berkeley, I reported this as B. nalrix (Univ. California Publ. 
Zool. 41: 48. 1936), and identified Treadwell’s name with it. Since then, 
I have seen SOderstrOm’s type of B. nalrix and found it to be something 
quite different. Through the courtesy of Prof. Sixten Bock, of the Swedish 
State Museum at Stockholm, these materials were made available. The re¬ 
sults are being reported on in a separate study. It is sufficient here to say 
that B, nalrix is an inhabitant of a sponge, from a depth of 136-160 meters, 
off southern South America, that it is clearly separable morphologically from 
the California species, and that B nalrix can not be applied to the latter. 
B. nairtx has a prostomial lobe that is clearly bifid at its anterior margin, 
the groove continued for some distance along the dorsal surface; there are 
eye spots but differently disposed; the first setigerous segment has unusually 
well developed fascicles and postsetal lobes, nearly or quite as large as those 
of the following segments, and the modified hooks of the fifth segment are 
provided with paired lateral bosses. Polydora {Boccardta) nalrix was later 
reported by Berkeley (Ann. Mag. Nat. Hist. (10) 18 : 472. 1930) from the 
Nanaimo district. These specimens are partly described, showing therein 
differences from SdderstrOm’s species, but differing also from B. proboeeidea. 
Dr. Berkeley recorded the absence of eyes and described the prostomium 
as bifurcate. 



388 jounNAL or tits wabhinoton ACADEmr or BcmKcss voih 30, no. 0 

ZOOLOGY.—JVoteB on the amphipod GammaruB minus Say and da- 
scription of a new variety, Gammarus minus var. tonuipes. 
Clabencb R. Shoemaker, U. S. National Museum.* 

Thomas Say (1818, p. 376) described Gammartu minus as follows: 

Eyes reniform; superior antennae lonnr than the inferior ones, terminal 
joint with about twelve articulations. Inhabits rivulets and small fresh¬ 
water streams. Body whitish, with a few very pale fulvous lateral spots; eyes 
bl^kish, placed at the exterior base of the superior antenna; superior an¬ 
tennae obviously longer than the inferior ones, seta short, attaining the tip 
of the second articulation of the terminal joint, terminal joint with about 
twelve articulations. I^ength three-twentieths of an inch. Found in brooks 
under stones, and may be readily discovered by taking a stone out of the 
water, and inspecting its inferior surface. 

His description would be quite inadequate for the recognition of 
the species, except for his mentioning that the first antennae are ob¬ 
viously longer than the second and that it inhabits rivulets and small 
fresh-water streams. It is, as he states, an inhabitant of the small 
streams, and, though he does not say streams of the east coast, he 
undoubtedly means such, as all the other amphipods he described 
were from the east coast. It is a very common and widely distributed 
spiecies of the cold streams of the eastern section of the United States, 
in contradistinction to Gammarus fasciatus Say, which inhabits the 
warmer waters of our eastern rivers. 

Though Gammarus minus is so common and widely distributed, 
there have been comparatively few references to it in literature since 
its discovery in 1818. H. Milne Edwards (1840, p. 46) says that the 
species described by Say under the name of Gammarus minus does not 
seem to differ in any important character from 0 . fasciatus and it will 
perhaps be necessary to unite them. A. A. Gould (1841, p. 334) says, 
“Found [in Mass.] in ditches and sluggish fresh water, adhering to 
sticks." Since the habitat he cites does not seem suitable for G. minus, 
it is doubtful whether his reference applies to this species. J. E. 
DeKay (1844, p. 37) says, “This species is common [in New York] 
in most of our fresh-water streams, and may often be detected under 
stones and pieces of wood. It is extremely active, and is popularly 
known under the name of Fresh-water Shrimp" He gives a short 
description, but fails to add any useful characters, and he also gives 
a very small inaccurate figure. Adam White (1847, p. 88), in his List 
of the specimens of Crustacea in the collection of the British Museum, 

‘ Publiibed by permlMion of the Seoretary of the SmitheonlAn Inatitation Re¬ 
ceived April 11, 1040. 
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uses the name Oammorus minimus Say and gives the locality as 
United States; specimens presented by Thomas Say. Spence Bate 
(1862, p. 221), in Catalogue of the specimens of amphipodous crustaceans 
in the collection of the British Museum, repeats Say’s description and 
habitat. 

Sidney I. Smith (1874, p. 664) says, “I have not yet been able to 
rediscover this species, which is very likely not a true Gammarus." 
He believes that the specimens referred to by White and Bate were 
the ones that Bate described as Allorchestes knickerhockeri (1862, p. 
36). Lucicn M. Underwood (1886, p. 367) mentions the species as 
occurring doubtfully in New York. Thomas R. R. Stebbing (1006, 
p. 613) puts 0. minus in the list “Gammari nominatim, reapse in- 
certae sedis.” Henry W. Fowler (1912, p. 194) in The Crustacea of New 
Jersey, lists Gammarus minus Say and questionably Lepleurus rivu- 
laris Rahnesque as synonyms of Gammarus fasdatus Say. From the 
localities he cites for 0. fasctatus it is quite evident that he is dealing 
with both G. fasdatus and G. minus. 

As the references to Gammarus minus in literature add nothing to 
Say’s inadequate diagnosis, I here redescribe and figure the species 
from specimens collected by John W. Price from a small stream at 
Gable’s Woods, Lancaster, Pa., on March 0, 1936. As Say did not 
designate any locality, a male from this lot has been selected as the 
neotype, U.S.N.M. no. 70162. I have selected this locality for the 
neotype because Say collected G. fasdatus at Philadelphia, and it is 
probable that he also collected G. minus in the brooks of the surround¬ 
ing country, which would be only about 60 miles from Lancaster. 

Gammarus minus is placed by Dr. A. Schellenberg (1937, p. 270) in 
the subgenus Rivulogammarus, which he established for those almost 
exclusively fresh-water species of the cold and temperate regions of 
the northern half of the earth. He charaeterized this subgenus as 
having the side lobes of the head truncate or rounded o£f without the 
sharp upper corner. Eyes mostly small, oval or kidney-shaped. First 
and second urosome segments without or with only weakly developed 
central humps and with only one pair of central spines. Third urosome 
segment mmtly without central spines. A part of the urosome spines 
sometimes replaced by bristles. Accessory flagellum 1- to 6-jointed. 
Lower margin of the coxal plates mostly unbristled. Metacarpus of 
the first gnathopod of male with peglike spines on rear margin. Rami 
of the third uropod varied in length, but the inner ramus never re¬ 
duced to a scaleUke joint. 
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Gamnuros (RlTulogiaunanii) mfaiai Say Figs. 1, 2 

OammaruB minua Bay, Joum. Acad. Nat. Sci. Philadelphia 1(2): 370. 1818. 
0. propinqutu Hay, n^c. U. 8. Nat. Mua. 2S(1286): 224. 1902. 

0. purpuraacent Hay, Proc. U. S. Nat. Mus. 25(1292): 433, fig. 7.1902. 

Mala .—Head with lateral lobes squarely truncate, upper and lower angjles 
of lobes rounding. Eyes large, black, renuorm, and slimtly broader below. 
Antenna 1 about two^-thirds tne length of the body and considerably longer 
than antenna 2; first joint of peduncle a little longer than second, which is 
about twice as long as third; fl^ellum of about 30 joints; accessory flagellum 
of three or four long joints and a very minute terminal joint. Antenna 2, 

S land cone of second joint prominent; third joint prominent; fourth and 
fth joints about equal in length; flarallum nearly as long as fourth and 
fifth joints combined and consisting of about 14 joints, the first five or six 
of which bear calceoli. 

Right mandible with cutting edge rather narrow and armed with four 
teeth; accessory plate with double cutting edge; five spines in spine row; 
molar strong and bearing two short plumose setae on front margin and a 
long seta on inner margin; ^ond joint of palp slightly longer than the third. 
Inner plate of maxilla 1 with about 16 plumose setae; outer plate with 11 
spine teeth, some of which are blunt and some pectinate; palp of right 
maxilla broad, armed distally with four or five stout teeth, one slender 
pMtinate spine tooth, and one slender plumose seta; palp of left maxilla 
with about seven slender spine teeth and four slender setae ^ Maxilla 2 
normal and bearing the usual oblique row of plumose setae on inner plate. 
Maxillipeds with inner plate narrower, but nearly as long as outer plate, 
bearing distally three spine teeth and numerous slender curved plumose 
spines, inner margin bearing long, slender, plumose setae and one short 
spine near the upper angle; outer plate armed with a row of spine teeth on 
distal inner margin, a row of curved plumose setae on distal margin and 
numerous submarginal setae near the inner margin; palp rather short and 
stout, third joint with a low distal lobe, the inner edge of which extends 
obliquely across the inner face of the joint bearing a row of serate spinules; 
fourth joint rather slender and armed distally with a fine nidi at the base of 
which are several closely set setulcs. Lower lip with broad blunt side lobes. 

CJoxal plates 1 to 3 bearing a few spinules at the rounding anterior and 
posterior corners. Coxal plate 4 bearing a few setules at anterior comer and 
a row on the lower posterior margin Sixth joint of gnathopod 1 with the 
very oblique palm bearing a stout central spine and a stout defining spine, 
hind margin and inner suriace of joint beating several short blunt spines. 
Sixth joint of mathopod 2 with front and hind marpns about parallel, the 
oblique palm bearing a stout central spine and two stout spines at the 
broadly rounding denning angle, inner surface of joint bearing two small 
Bubmarginal spines at denning angle. Peraeopods 1 and 2 very similar in 
structure, but 1 the longer and stouter and bearing longer and more numer¬ 
ous bristles Second joint of peraeopod 3 broad, with the lower hind margin 
forming^ a prominent angle. Peraeopods 4 and 6 about equal in length, 
second jdbt with distinct lower hind angle. 

Metasmne segments 2 and 3 with lower hind comers sharply produced, 
lower margins bearing spinules and hind margins setae. Urosome segments 
1 and 2 somewhat raised dorsally, and each bearing the two median dorsal 
spines characteristic of the subgmus Rivulogammarua. Urosome segment 3 
toay have either one or two meman dorsal spines, or it may be without any. 
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but there are always median setae. Urosome segments 1 to 3 may bear either 
one or two lateral spines on either side. All urosome spines are accompanied 
by setae or bristles. 

The number of spines on uropods 1 and 2 varies with the siie of the speci> 
men, but the numbOT is always small. Uropod 3 with inner ramus atout two- 
thirds the length of the outer, and both rami furnished on their margms 
with famicles of long setae. Outer ramus without plumose setae on the 
second joint or apex of first joint; outer margin of first joint with a plumose 
seta in each fascicle except those which contain spines; inner margin with a 

E lumose seta in each fascicle. Inner ramus without plumose setae on apex, 
ut outer and inner margins with a plumose seta in each fascicle. 

The telson varies somewhat in different individuals; the general arrange¬ 
ment being a single lateral spine accompanied by several setae, three apical 
spines with long setae on each lobe, and a group of lateral setae near the 
apex of each lobe. Occasionally there is an extra lateral spine either above 
or below the regular lateral spine. Length of the largest males about 16 mm. 

Female. —The gnathopods are smaller than in the male, and the fifth and 
sixth joints of gnathopod 2 are much narrower and are about equal in length. 
Antenna 2 bears no calceoli. Uropod 3 shorter than in the male. 

Remarks. —There are in the National Museum females of Oammarus 
minus from the District of Columbia carrymg eggs each month from January 
to August. There are hatched young in the marsupium in January, April, 
May, Juno, and August. Free-swimming young are found in January, April, 
July, and August collections There are no specimens taken in the District 
of Columbia from September to December, but specimens from Virginia and 
Pennsylvania taken in November and December carry eggs. It appears, 
therefore, from these records that the species breeds throughout the year. 

Specimens of 0. minus from a cave at Speed Creek, about 8 miles north¬ 
east of Bedford, Lawrence County, Ind., and those from a cave on the 
Mullindore property, Rohrersville, Washington County, Md., differ very 
slightly from the normal surface water form. 

In the National Museum there are collections of O. minus from Penn¬ 
sylvania, Maryland, District of Columbia, Virginia, West Virginia, Indiana, 
Tennessee, Kentucky, and Georgia. 

I have examined the type material of Oammarus proptnquus Hay from a 
spring about 2 miles north of Mammoth Cave, Ky., and of 0. purpuraseens 
Hay taken at the mouth of Nickajack Cave, Shellmound, Tenn., and I find 
that they do not differ specifically from 0. minus Say. Hay does not give 
the measurements of either species, but the largest specimens of O. pr<h 
pinquus are about 10.6 mm from the front of the head to the tip of the third 
uropods, and those of 0. purpuraseens are about 10 mm. The specimens 
collected by Hay in spring at Roseville, Ga. (referred to in Proo. U. S. Nat. 
Mus. 2S: 434. 1902) and identified as O. purpuraseens, are in the National 
Museum. They are all of medium sise, the largest about 9 mm and are un¬ 
doubtedly 0. minus Say. 

The Lepleurus rivularis of Rafinesque (1820, p. 7) said to occur in the 
brooks of the mountains of Penneylvania and at Shannon Run and Bedford 
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Springs, Va., is probably the OammaruB mtnus of Say, but Rafinesque’s 
description is so imperfect that nothing can be learned from it. 

Gammarus minus var. tenuipaa, new variety 

Specimens from Orgw Cave, Greenbrier County, W. Va., found in a 
stream a quarter of a mile in from the entrance, appear to be a subterranean 
variety of Qammarvfl minus. These specimens have the eye greatly reduced 
and occasionally almost entirely lacking. The lateral lobes of the head have 
the comers very rounding. The gnathopods and peraeopods are slender, 
especially noticeable in the narrowing of the second joint of the last three 
peraeop^s. In some of the specimens there is a reduction in the number of 
spines on the urosomo. The mner ramus Of the third uropod is proportion¬ 
ately longer than in the normal form. The whole animal has a weaker and 
more delicate appearance than the surface form. Length about 14 mm. 

The type, a male, U.S.N M. no. 79195, was taken in Organ Cave, Green¬ 
brier County, W. Va., on October 21, 1939, by T. Kenneth Ellis. 

The National Museum has also a specimen of this variety from McClung’s 
Cave, West Virginia, and several from Hinenbotham’s Cave, Frankford, 
Greenbrier County, W. Va, collected by JTM. Valentine. 
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Fig. 1 .—Oammarus mnua Sav, nude: a, Anterior end of animal; b, right mandible; 
Cf maxilla 2; d. right maxilllped; e, inner and outer plates of nuudlliped on larger 
scale; /, lower lip; g, gnathopod 2; h, inner surface of metacarpus of gnathopod 2; 
peraeopod 2; j, uroSome; uropod 1; f, uropod 2. 


Fig. 2.— Gammarut minu$ Say, male; Rlcht maxilla 1; b, palp of maxilla 1 on 
larger uale: e, palp of anothier niale •howing nve iplne teeth; d, left ulp showing 
terminal spbes; «, distal end of outer plate or maxilla 1 showing the 11 ai&ne teeth: 
/, psraeopod 1: r, peraeopod 8; h, peraeopod 4: i, peraeopod B:Jt metasome; h, oropod 
3;lr m, apex of outer and inner rami of uropod 3 on larw soiue; telaon: o, telson of 


Sift. 16,1940 ooub and mobgan: a nbw oopdfod 


806 


ZOOLOGY. —A new harpacticoid eopepod from North Carolina. 
R. E. CouR and Juanita Morgan, University of North Caro¬ 
lina. (Gommunioated by Waldo L. Schmitt.) 

Harpacticoid oopepods collected by a graduate student, Paul Mc¬ 
Kee, from Baker Lake (Bladen County), Swamp Pond (Craven 
County), Odum’s Millpond (Cumberland County), and other waters 
of eastern and southeastern North Carolina were found to resemble 
in many respects both Canthocamptru otaphylinoidea Pearse (1005) 
and the subspecies that the senior author has described as einuue 
(1934). There are, however, such notable points of difference from one 
or both of these forms that it merits at least subspecific designation. 
We have named it; 

CanthocamptuB staphylinoldea vagus, new subspcdes 

Holotype. —Female from Swamp Pond, Craven County, N C., U.S.N.M. 
no. 79249. Collected by Paul McKee, January 10, 1938. Males have not 
been found. (McKee and Coker, 1940.) 

Dtagnoaie —Second foot conforming to the type; vestigial acta of fifth 
foot rather long—about ono-sixth the length of outermost seta; relative 
lengths of spines on that segment about as in C. ttaphyUMidea; anal spines 
small, 10 to 12 in number; many small spinules just lateral to the straight 
mesial borders of furcal rami on ventral side. (Now known only from waters 
of the lower Coastal Plain in North Carolina) 

Description.—Second foot; The endopod has only one seta on the iimer 
border of the third segment (Fig. 1, c) where atnutu has two (Fig. 1, J); 
apparently it is the distal seta that is lacking. Pearse did not describe or 
figure this foot, but copepods wo have from Massachusetts seem to agree in 
every other particular with the description of C. $laphylinotde» and are found 
to have only one seta in the place mentioned. 

Fifth foot: Examples from Baker Lake have a distal joint of the fifth foot 
virtually identical with that of C. stnuus^ but the short seta between the 
bases of the outermost setae of the proximal segment is distinctly lonnr 
than the corresponding seta of ainuua or of siaphylinoides from Massachu¬ 
setts (compare Figs. 1, e, and 1, a, with figs 1, k, and 1, p). The third well- 
developed seta, countmg from the outer border of this segment, is distmctly 
shorter than the fourth, whereas in C. tinuua (F1^. 1, ic) the two are 
proximately equal; in this respect the copepoos in question are like C. 
ataphylinoidee (Fig. 1, g). The copepods from Swamp Pond (Fig. 1, o) have 
all spines, except perhaps the two outermost setae and the innenuost seta 
of the ifietal joint, decidedly shorter, blunter, and stronger. The short seta 
of the proximal sement is intermediate between that of Baker Lake and 
C. einuue, but its length, relative to that of the longest spine, conforms 
rou|d^ Frith the corresponding relation in the Baker Lake copepods. This is 
true also of the third well-developed spine. 

Caudal furca: The form of the furca (Figs. 1, b, /) is quite unlike that 
characteristic of C. nnuus (I^. 1, t) but Uke that or C. etapkylinoidee (Fin 
1, 1, k). On each bruich of therarca there is a submarrinal row of finespinuleB 
or setae on the ventral surface a little lateral to the inner margin (Figs. 
1,6,/): these spinules are not well seen until the furca is turned at an an(^, 
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Fi|l 1.— Canthoeamjiiw 9taphylinoid$9 vom, holoWp^female, from Swamp Pood: 
<h Fiftn foo^ b, furea—ventrid aapeot, alightly tumedT CafUboeampCuc itapAyftnouiiu 
vayua from Baker Lake: e, Endopod of leeond foot, female: d, endopod of tmrd foot, 
female: «, fifth foot; /, furoa. CaftfAooaf^i» HaphpUmndta fe. etr.) from Mana- 
ohiuetie: ff. Fifth foot; b, forea—donaL VanthoeampluM $ispkmnoidei (after Pearee, 
1906): i, Furea. CmiUhoeampttu Mtiuue (from Coker, 1934): f Second foot, female; 
b, Fifth foot; /, furoa. 
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as shown in Fig. 1, b. The furca of the Massachusetts copepod (Fig. 1, 1) 
seems to be typical of C. alaphylinoides as described and illustrated by 
Pearse (Fig. 1, h), with a few rather strong setae showing on the inner mar¬ 
gin or ventrally. 

Anal plate: The spinules of the anal plate (Figs. 1, b, /) are relatively 
small, there being 10 on the examples from Baker Lake, 12 on those from 
Swamp Pond. The number in C, sinuus (Fig. 1, t) and C. aiaphj/linoides 
(Pjg- If fO Ib about 6, and the spinules are distinctly stouter. 

The differences between the copiepods from Baker Lake and those from 
Swamp Fond are insignificant. In reimect to the fifth foot, the differences 
between these copepi^ on the one hand and cither C. 8taphphnoides or 
C. sinuus are also inconsiderable. 

Bemarkf,—Comparison of the new copepod with the previously described 
forms is given in the following table, where the mark is used when the 
character is common to two, and the mark “—” where a distinctive char¬ 
acter is found. 


Speciefl 

Second 

foot 

Rudi¬ 

mentary 

acta 

Fifth' 

foot 

Anal 

Bpines 

Furca 

form 

Arma¬ 

ture 

C ttaphyltnotde$ 

X 

X 

X 

X 

X 

_ 

C. a vagus n aubap 

X 

— 

X 

— 

X 

— 

C einuua 

— 

X 

— 

X 


— 


t RilfttiiT* ItKigUit of mim <m fbut Msmoni. 


Since C. nnuut may now be presumed to differ from C. ataphylinoides, not 
only in the form and armature of the furca, but also, and significantly, in 
the armature of the second foot, it should bo regarded as a distinct species. 
The furca is unmistakable at a glance. 

For direct comparison with the foregoing diagnosis of C. «. vagiu we pre¬ 
sent here diagnoses of C. ataphylinoides Pearse and C. ainuua Coker (here 
raised to the status of a species; described by Coker, 1934), the only other 
members of the restricted genus Canthocamptna, as defined by Chappuis and 
followed by the senior author in ConiribiUion to knowledge of North American 
freshwater harpactieoid copepod Crustacea^ 1034, now known to occur in the 
United States. 

C. ataphylinoidea Pearse; Characters of the genus (both rami of second to 
fourth swimming feet 3-jointed, a vestigial seta on mesial expansion of fifth 
foot, etc.); second foot with one seta on inner border of third se^ent of 
endop(^; wort seta between bases of two outermost setae of proxunal seg¬ 
ment of P6 very short—about one-twelfth as long as the adjacent outermost, 
seta or shorter; third well-developed seta of that segment, counting from the 
outermost border, shorter than fourth; anal spines large, 6 to 8 in number; 
a few prominent spinules on the strught mesial mde of each furcal rami. 
(Now known only from Northern United States and Canada.) 

C. mnuus Coker: Second foot with two setae on inner border of third seg¬ 
ment of oadopod; vesti^ seta of P6 about as in C. ataphyUnoides; thira 
weil-developea seta on that sement about o<pial to fourth; anal spines 6 to 
8 in numbn; mesial profile of furcal rami sinuotu and unarmed. (Known 
from Connecticut, New Jersey, and North Carolina.) 
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Our new copepod is nearer to C. ataiphyUtteide$ than to C. nmnis in the 
second foot, the fifth foot, and both the form and armature of the furca, 
although it differs from the former in the rudimentary seta of the fifth foot, 
the anal spines, and the armature of the furca. Since, however, the differ¬ 
ences between our copepod and C. ataphylinotdet are quantitative and may 
be presumed to be subject to considerable variation, I would propose only 
a new subspecific name vagua, referring to its apparent halnt of wandering 
out into open water. Harpacticoid copepods are characteristically littoral in 
the extreme and it is worthy of note that this copepod was taken repeatedly 
in plankton hauls during a survey covering 45 waters. The only other har¬ 
pacticoid encountered was C. ainuua in one collection from a shallow swamp 
lake. 

Some of the older lists of American harpacticoid copepods include C. 
ataphylintia Jurine, but it is veiy probable that the record of the European 
species, which is clearly distinguishable by the conspicuous blunt, spinelike 
projection on the posterolateral marpns of the fifth abdominal segment, as 
well as by other characters, are attributable to errors in identification. 
We know of one such case. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 

PHILOSOPHICAL SOCIETY 

llSfiTH MBSTINO 

The 1156th meeting was held in the Cosmos Club Auditorium, Saturday, 
October 14, 193^ Preadent Brickwxddk pretdding. 

Proffratn: T. F. W. Babtb, Qeophysiciu Laboratory: Oeyaera and other 
hotapringa tn Iceland .—The thermal activity in Iceland, wmch is but one 
phaM of the recent volcanicity, is not equaled in intensity or extent by any 
other region. Koneers of our modem science, men like Bunsen, Descloiieaux, 
and others, visited Iceland to study these phenomena, and throu^ thrir 
work the local name of the most famous spouting founti^ in Iceland at that 
time, vii., “Qeysir*' (meaning “spouter*^) was accepted as a general term 
for hotsprings of this tjrpe. 

The acid spri^ are intimately associated with recent volcanic activitv, 
the alkaline springB are more independent in this respect, but are deany 
nuMt plentiful in areas possessing a superior water supply. Both add ana 
alkaline springs may show geyser action. Some of the geysers form deep wells, 
but measuAments show that, althou^ the temperature inoreasee with 
depth, point is not r^hed at any depth—this is also true for 

the QnilpiwyBir, which is 27 m deep. 
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The biraest boiling stream in the world is a coinous spring in western 
Iceland the discharge of which is neatlv 300 liters per second. Tlie thermal 
energy it carries wiUi it is appronmately 140,000 horsepower. (Aulhor*$ 45- 

A. Nadai, Westinghouse Electric and Manufacturing Co.: Formation c/ 
twfaeea cf Mp under pi^ie datet of stress .—A characteristic phenomenon 
accompanying the plastic deformations of natural rock materials or of the 
ductile metals is the formation of very regular markings on the surface of 
test specimens. They are the traces of deformations localised in thin layers 
of the material which become plastic under the given system of forces. The 
laws of the formation of these slip layers are not yet fully understood and are 
rather intricate. Several important factors are requir^ to be satisfied for 
the localised yielding of materials, which were discussed. Formation of regu¬ 
lar spirals around a punch mark was shown for nuld steel. Similar lines seem 
to mark the location of secondary cones on certain volcanoes in Japan. The 
formation of faults in geology seems to follow similar laws thut the one de¬ 
scribing slip in metallic materials. A motion picture was shown on the forma¬ 
tion of gliding lines in mild steel bars. (Author’s ohstroct.) 

The first paper was discussed by Messrs. Wright and Gish; the second 
one by Messrs. Hawkesworth, Gish, Roller, Maxwell, and Brick- 
WBDDE. 


1156th ubeting 

The 1166th meeting was held in the Cosmos Club Auditorium, Saturday, 
October 28, 1939, President Brickwedde presiding 

Program: K. H. Beij ; Model ted%ng at the Naltonal Hydraulic Laboratory .— 
The National Hydraulic Laboratorjr is authorised to conduct general re¬ 
search in hydraulics on problems of its own choice and to work on specific 
engineering problems at the request of other Government organizations. For 
obvious reasons ship-model work is excluded, and for practical reasons pump 
and turbine testing is not feasible at the present time. The ^neral study of 
the theoretical bases underlying hydraulic model studies is an important 
field of research that has not received sufficient attention. It appears likely 
that the laboratorv will enter this field in the near future. Model tests for 
speeific mrposes have been conducted for and with the cooperation of 
several Government departments. The purposes of such model tests are 
(1) to check calculations of design, (2) to suggest improvements either to 
assure better performance or to lower costs without material sacrifice in 
performance, and (3) to discover and correct undesirable or even dangerous 
conditions which could not have been foreseen in the design. Lantern slides 
were shown illustrate representative model tests, and some of the problems 
encountered in making these studies were discussed. These problems include 
on the one hand, the construction, operation, and instrumentation of models, 
and on the other hand, the difficulties ana uncertainties arisiiig from the 
Impossilnlity of obtaining strict similarity of model to prototype. (Author’s 
abkraet.) 

H. E. Saunders, U. S. Kavv: The David W. Taulor Modd Bavin at Cardo- 
rock. Md ,—^The completion of the buildings for the new diip model testing 
eetaolishment of the United States Navy at Carderock, Md., just northwest 
of Washu^n, has already received considerable publicity in the press, 
ihese buUdina have a function much different from that of the multitude 
of new publiolniildinp erected throughout the country in the last decade. 
Fictorially they are of great interest to the public because of the sunpheity 
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and dignity of their architecture and the use of preoart enosed aapne||ate 
concrete for the exterior finish. The large building housing the modenbasins, 
Yiith its arch roof, is a quarter of a mile long and is the only one of its type 
in the United States. 

The new establishment has been named the David W. Taylor Model 
Basin in honor of Rear Admiral David W. Taylor, Construction Corps, 
TJ. S. Navy (Retired), whose researches in ship propulsion and whose ex¬ 
periments with ship models have made his name renowned throughout the 
world. 

The model testing plant at Carderock includes four separate model basins, 
each of which is designed to undertake and prosecute to the best advantage 
a particular kind of ship model research. These four basiiu will, in edition, 
provide a plant of vastlv increased capacity for undertaking a steadily in¬ 
creasing volume of work. The old model basin'at the Washington Navy 
Yard, built in 1899, is now rutming sixteen hours a day in an endeavor to 
keep pace with the requirements of the current naval and merchant sMp 
pro^m. The ship-model basins at Washington are the only ones in Arneriw 
equipped to undertake tests of ship models when they are driven by their 
own propellers. They perform towing tests and self-propelled tests of this 
kind for private shipbuilders and naval architects of the United States as 
well as for the Navy Department and aU other Government departments. 

To enable the staff to make correct predictions of ship performances to 
within a few percent, as modern designs require, the new b^ns at Carderock, 
embody a number of distinctly novel features. To obtain the desired accu¬ 
racy for model tests, the carnages that tow the ship models through the basins 
must run at constant speed on trucks that arc straight and level within a 
few thousandths of an inch. 

The walls of the basins upon which these tracks rest arc of massive con¬ 
crete construction, built directly upon bed rock. The track structure is of a 
new design, using a rail heavier than that employed on any railroad in the 
world and a rail supiiorting structure which is much more npd than that in 
any other model basin track. As it is expected that at least a year will be 
required to lay the carriage tracks to the requisite degree of accuracy, it is 
intended by this means to provide a permanent track structure which will 
require no further attention for many jrears to come. 

The work of laying the tracks alongside the new model basins is now being 
undertaken by the staff of the David W. Taylor Model Basin and they hope 
that by the summer of 1940 the work of ship model testing in the new plant 
will have begun. (Author’s abitract.) 

The second paper was discussed by Messrs. Liferock and PawIjINO. 

1167th meetimo 

The 1167th meeting was held in the Cosmos Club Auditorium, Saturday, 
November 11, 1939, President Bbickweodb presiding. 

Program: L. V. Bebkneb; FluctxuUiono in the earih*e outer atmosphere dur^ 
tng a great magnetic storm .—^The great magnetic disturbance that occurred 
on April Ifi, 1038, was one of the largest in recent years. Records of iono¬ 
spheric changes on the magnetic equator at Huancayo, Peru, are complete 
during this disturbance. Actual distribution of ion-density at sucoessiYe 
quarter^ourly intervals can be represented by parabolic distributionB which 
would produce the observed records using a method recently described by 
Booker and Seaton. 
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advent of the storm, just after midnight, maximum electron dennty 
of the F-region (above 250 km) fell in the first hour by three orders of mag¬ 
nitude and esratially to sero, with the disturbance pio|pesBing dowmwrard 
through the ionosp&re. Then appeared an intensely ionised abeoiinng 
region at ^ km (near where maximum conductivity per electron is experi¬ 
enced) which is shown to have covered a substantial portion of the cuth’s 
surface. The disturbance then progressed rapidly upward with the height of 
F-region apparently rising at about 8 km per second first writh increadng and 
then decreasing ion-density until there remained a maximum density of 
only 6,000 electrons per cc m the neighborhood of 1,000 km. Recovery came 
with daylight. 

A number of interesting problems are raised in view of the restrictive 
influence of the earth’s magnetic field on motions of charged particles at the 
nmmetic equator. Possibly the ionosphere above Huancayo might be in^- 
ined to explode toward the polar regions during the disturbance. Mechanism 
of entrance of the disturbmg influence from the sun which produced the 
effect offers room for speculation. (Author^s abalract.) 

Ellis A. Johnson: Scattering of hghi from a modvlated tearchlight beam 
at high aUttudes .—The measurement of the light scattered by the atmosphere 
from an intense searchlight beam up to heights of 34 km was described. The 
method makes it possible to determine the temperature and pressure with 
height above the earth’s surface and to make determinations of some of the 
atmospheric constituents. The experimental procedure consists in directing 
an intense searchlight beam nearly vertical and modulating it at 10 cycles 
per second with Venetian blind shutters. A receiver, coiudsting of a larp 
mirror with a photoelectric cell at its focus, is placed about 6 km away. The 
beam can be scanned by tilting the receiver and the height at any particular 
angle calculated from the geometry. The sensitivity is limited by the back- 
nound statistical fluctuation of shot-effect due to photocell current caused 
by light from the night sky. Measurements above a low base bank agreed 
writh the atmosphere given hy Humphreys up to 34 km. With 604nch mirrors 
at the receiver and transmitter, it is calculated that heights of 80 km could 
be reached, and problems such as the distnbution of osone, water vapor, 
turbulence, winds, dust, fluorescence, etc., could be studied. (Aufkor’s ab- 
straet.) 

The first paper was discussed Messrs. Seboer, Goldberg, Bittengbb, 
Mobleb, Bbickwtedoe, S. S. Hublet, Howe, McNibr, and Smith; the 
second paper by Mr. Brickwedde. 

J. Pawling presented an informal communication, which was a report of 
progress on The new general catalog of Albany. 

1168 th meeting 

The 1168th meeting was held in the Cosmos Club Auditorium, Saturday, 

1 H TW_! J_a TS__J!_ 




Program: J. C. Hubbabd, Johns Hopkins Univerrity: VUraeonict and the 
ratio of t/pee^ heatt of gaeee .—Among the indirect methods of studying the 
speoifio heats of gases, those involving measurements of sound velocity nave 
bmn considered most ideal. However, until the advent of ultrasonics, values 
obtained by acoustic methods have been disappointing, in spite of a vast 
amount of empirical and theoretical work on corrections entailed by the 
confinement of sound waves within a chamber necessarily of dimensions of 
the "xma order of ma^tude as the wavelength. Ultrasonics provides wave 
lengths measured in millimeters or less, and experiments with them are com- 
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parable to experimenta with ordinaiy sound waves in chambers so large as 
to eliminate the boundary oorreotions. The way is thus omned to a study of 
various gases; moreover these need be used only in small amounts. The re¬ 
sults are of a higUy satisfactoiy precision and yield satisfacto^ values of 
spedfic heats except insofar as they are influenced by the dynamic character 
of sound waves. In many cases it is found that there is a lag in the adjustment 
of certain energy states of the molecule. This effect was responsible for ultra¬ 
sonic dispersion found in COi in 1926 by O. W. Pierce and accounted for 
theoretically in 1928 by Herifeld and Itice. Ultrasonic methods have now 
been developed so that precise acoustic data on specific heats may be secured 
over a very ^reat range of temperatures and pressures. The character of the 
results permits the detection of those regions of pressure or frequency in 
which energy lags are present, and are thus useful in determining lifetimes 
of energy states Examples were shown. {AuOun^a abiAraet.) 

Francis E. Fox, Catholic University of America: Supersoniea tn hquids .— 
For the production of ultrasonic waves in liquids the source is usuallv a 
magnetostrictive rod or pieso-clectric quarts plate with its vibration elec¬ 
trically maintained and coupled by direct contact with the liquid. The in- 
vestimtion of the waves, and through them of acoustic properties of the 
liquid, may be carried out by electrical, mechanical, or optical effects pro¬ 
duced by the waves, 

(1) The reaction upon the driving electrical circuits produced by waves 
reflected back to the source, as in the acoustic interferometer, may be ex¬ 
pressed as functions of the reflector distance and the half-wavelength in the 
medium, the absorption factor, and the coefficient of reflection. (2) The 
steady i^ation pressure exertra on an obstacle in the sound field offers a 
direct means of investigating the intensity. (3) Tha variations in the index 
of optical refraction that arc produced by the sound wave have been the 
basis of many optical methods, (a) in the Sears-Debye method one uses the 
sound beam as an optical grating. Progr^ive or stationary waves may be 
used. (6) With Sohlieren methods, of which there are many variations one 
renders the station^ sound fields visible with constant illumination, or 
employs stroboscopic hght to investigate progresave waves, (c) The dif¬ 
fraction-interference methods enable one to 'see'the sound field in the liquid. 

The choice of a method depends of course on the problem to be investi- 
^ted. Methods that permit accurate determination of wavelen^h may yield 
little information about intensity or absorption. It may be posmble to extend 
the range of frequency in which some one method is applicable by combining 
that method with a different one, e.g., the acoustic interferometer with an 
optical indicator or resonance for very short wavelengths. 

The demonstration included the acoustic interferometer, radiation pres- 
BU^ and several optical effects. (Author *b dbtlroet.) 

Tne first paper was discussed by Messrs. H. L. Cowns, Heuveld, and 
Brickwsdob; the second one by Messrs. Bbickwedde, Lewis, and others. 

1169tb icbbtino 

The llfi9th meeting, constituting the 09th annual meeting, was held in 
the Cosmos Club Auditorium, Saturday, December 9, 1^9, President 
Bbickwedde presiding. 

The treasurer reports that the income from dues, interest on investments, 
and sale of reprints was Sl.892.94 and that the expenditures exclusive of 
investments was $1,342.46, leaving a net surplus of $60.48 on ordinary ex¬ 
penses. The ordinary expenditures were at the rate of $4.18 per member. 
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The Becretariee’ joint report showed an active membenhip as of Deoember 
1, 1930, of 321, of whom the following were elected during the year; John 
Bxbk, Jr., Paxtii BRAnr, Brice A. Brooks, L. O. Coiabrt, Richard M. 
Frafs, Chas. K. Grebn, Ralph F. Hauft, Albert J. Hobkinbon, Hbnri 
Jordan, J. W. Jotcb, Thoburn C. Lyon, Harold W. Murray, F. W. 
Reicheldebfbr, C.-G. Robbby, W. H. Sbaquibt, Douolab R. Tatb, W. A. 
WiLDHACK, and Walter J. Young. The following were elected in IMS and 
qualiBed in 1039: L. Leon Sherebhefbky and H. M. O’Bryan. 

The following death was reported: Jaheb H. Gorb. 

The following^officers were declared elected for the year 1040: 

PreaiderU, R. £. Gibson; Vice-PrestderUa, H. E. McCohb and W. G. Brom- 
bacher; Correapondtng Secretary, H. F. Stimson; Treasurer, W. £. Dbhing; 
Membera-ai-Large of the Oerieral Committee, L. V. Bbbkner and R. W. 
Curtis. 

Program: G. Gamow; Uruertamtteainatomieandcommonltfe. —Inclasrical 
ph^cs, the notions of the trajectory, position, and velocity of a moving 
object were always considered as given a pnort and self-evident. However, 
the discovery of the quantum-phenomena leads to a conclusion that these 
seemingly fundamental notions represent actually only very good approxima¬ 
tions to quite different and rather involved basic prinriples of a correct sys¬ 
tem of mechanics. 

Analysing the method by which an idea of trajectory, for example, could bo 
constructed, we find that this cannot be done if the physical action can be 
delivered only in the form of certain finite portions or quanta. This critidsm 
leads to fundamental uncertainty in the description of phyrical phenomena, 
expressed in the so-called Heisenberg's uncerUunty relations between the 
coordinates and mechanical momenta of moving particles. It can be shown 
that the product of the uncertainties of these two quantities is equal to the 
basic quantum constant, so that if the position is known veiy accurately, 
the momentum is not, and vice versa. 

Analogous relation exists between the energy and time, which, according to 
the theory of relativity, represents the fourth pair of data describing the 
event in the four-dimensional time-space. The posable methods for mmul- 
taneous measurement of energy and time have oeen discussed by N. Bohr 
who has shown that such measurements necessitate taking into account the 
effects of general relativity. Making use of Einstein's ”red-shift-formula,” 
Bohr proved that the uncertainty relation between energy and time must 
hold in any such measurement. 

It is usually believed that owing to extremely small value of iJie quantum- 
constant, uncertainty phenomena can be of importance only in the atomic 
world. It is, however, not so. If, for example, wo fix a steel ball 1 inch in 
diameter rigidly on the table and drop another ball of the same sise from the 
point several feet above the fixed ball, classical mechanics will tell us that 
our ball will jump up and down until the energy will be disapated by fric¬ 
tion. According to quantum-mechanics, however, the existing uncerfauntv 
of the position and momentum of the ball at the moment it is dropped, will 
cause a quite appreciable deviation and will make the ball drop aade after 
only a few jumps. Unfortunately no teehmcally produced steel is homogene¬ 
ous enough to permit such experimentation. 

We can imagine, however, some crasy worlds in which the quantum- 
constant is so large that the uncertainty relations could be obsoved micro¬ 
scopically. One feUow, called Mr. Tompkins, used to dream about such worids 
ana had a lot of very unusual experiences in them. Not only was he unable 



404 JOUBNAL OF THB WASHINGTON ACADIMT OF SCIBNtiBS. VOL. SO, NO. 0 


to play a good billiard game with "spreading-out” quantum balk, but also 
his car ran out of the garage leaving through the wall just as an a partiole 
from the atomic nucleus. Going to hunt tigers, he was c^uite scared to see a 
tremendous number of tigers jumping on his elephant simultaneously from 
all sides. He explained, however, that there was only one tiger in the first 
quantum state around the elephant, and the tiger was soon shot by a quan¬ 
tum bullet. Mr. Tompkins awoke after that event, but forever after remem¬ 
bered what the uncertainty-relations actually are. {Author*8 abatract.) 

This paper was discussed by Messrs. O'Bbyan and Bbickweddb. 

1160th hbetino 

The 1160th meeting was held in the Cosmos Club Auditorium, Saturday, 
January 6,1040, President Gibbon presiding. 

The Retiring President, F. G. Bbickwedde, gave an address entitled 
Some complextttee of the ample dement hydrogen. It is expected that this 
address will be published in this Jouknal. 

1161bt vbetimq 

The llOlst meeting was held in the Cosmos Club Auditorium, Saturday, 
January 20, 1640, President Gibbon presiding. 

Pro^m: F. B. Bhackett: Spedrotcopic mdhoda and their importance in 
btoloquxd research .—YHicn radiation produces a measurable change, be it 
phyacal, chemical, or biological, the plot of wavelength dependence of the 
measured change may be termed an “action spectrum.” In biophysioB acUon 
spectra are fully as important as emission and absorption spectra. Familiar 
examples; In physics, the wavelength dependence of photocell senaitivitjr; 
in chemistry, the photochemical yield as a function of wavelength; and in 
biology, the visibility curve of the eye. 

The photochemicu problem is simpler than the biophysical, since the 
absorption spectrum of the absorbing molecules may be measuira and the 
concentrations of the components of toe system varied in order to determine 
the kinetics of the system. Here the purpose of the action spectrum is to 
establish the photochemjcal threshold and the quantum efficiency. In bio¬ 
physics, even the absorbing molecule may be unknown. The purpose of the 
action spectrum may therefore be to actermine the effective absorption 
spectrum and the efficiency or number of quanta rcijuired to produce the 
effect. A common form of biophysical action spectrum is the wavelength plot 
of the reciprocal of the incident energy required to produce an equal bio¬ 
logical change. Typical example—the lethu action of radiation on micro¬ 
organisms. Assuming Beer’s law a general expresrion is deduced which leads 
to simple inte^retation in two important cases. One, where the population 
of microorganisms in suspension is small, that is, loss than ten percent of 
the beam absorbed. Here it is shown that the action spoctnim yields the 
wavelength dependence of the product of ^ciency and absorption coefficient 
per organism. The second case is where the number of organisms in suspen¬ 
sion is larn, so that practically all energy is absorbed. Here the action spec¬ 
trum yields directly the efficiency or the reciprocal of the number of quanta 
retired to kill the organism. 

The requirements on spectrographic equipment for obtitoiing action spec¬ 
tra are fundamentally different from those to obtain emission or absorption 
spectra. In general an output of great radiant power k necessary in orw to 
produce a measurable chanm in a reasonable length of time, but high in¬ 
tensity is not necessary. Hi^ purity, that k, free<mm from scattered radia- 
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tion ia required though high resolving power is not. This leads to instruments 
with a large linear aperture but not necessarily large relative aperture; 
high disMrsion but low resolving power. For this purpw, large quarts prisms 
are ideal in the ultraviolet, the number of prisms being as great as is com¬ 
patible with maintenance of high transmismon. Gratings are preferable in 
the visible. Slit widths may be wide, but a double monochromator to elimi¬ 
nate scattered radiation is often necessary. {AiUhor’a <Aatraet.) 

P. A. Cole, National Institute of Ho^th: Zletermtnafum qf cdl alructure by 
means the iJtmmolei microscope .—A brief summary of the historical develop¬ 
ment of the ultraviolet microscope was given. An eventual goal of all previous 
workers has seemed to be to attain ultraviolet absorption spectra of micro¬ 
scopic objects. The difficulties encountered in attaining this goal were dis¬ 
cussed. Preliminary photographs wen* shown taken at vanous ultraviolet 
wavelengths and a method was described by which the absorption spectrum 
of a portion of a microscopic organism could be determined. (Author’s ab¬ 
stract.) 

The first paper was discussed by Mr. O'Bryan; the second one by Messrs. 
Gibson, Brackett, Brioqh, Teller, Houphreib, H L. Curtis, F Coe, 
and others. 


1162d MEETINU 

The 1162d meeting was held m the Cosmos Club Auditorium, Saturday, 
February 3, 1040, President Gibson presiding. 

Program: P. A. Smith '.Exploring the continental shelves and slopes —Knowl¬ 
edge of the topomphy of the sea floor has grown rapidly during the past 
decade, lar^ly through the development of echo-sounding. Owing to the 
accompanying need for more complete nautical charts, several of the mari¬ 
time nations have extended hydrographic surveys seaward from their shores; 
and due to this seaward extension of the surveys a whole new physiographic 
realm is being opened to students of earth science. The perfection and use of 
offshore position finding methods and echo sounding by the U. S. Coast and 
Geodetic Survev has added many thousands of square miles of surveys of the 
continental shelves and slopes of United States and waters under their juris¬ 
diction. The discovery of the stream-erosion type of topography on the sea¬ 
ward faces of the continental shelves under hundreds of fathoms of water 
has raised questions that seriously affect a number of cherished geological 
theories. While topo^phic characteristics of numerous submarine canyons 
are clearly and unmistakably those commonly observed in valleys eroded 
by running water above the sea, many geologists have felt that tne ample 
explanation of a lowered sea or rising land in the order of 10,000 feet and 
back in late Tertiary or Pleistocene time is untenable in the face of appar¬ 
ently well-established theories. A number of hypotheses have been advam^ 
in tne attempt to explain these features by some process that may harmoniw 
with other geologic evidence, but the oripn of submarine canyons is still 
controversiiu. 

Throi^ a number of contributors, including Dr. H. S. Stetson of the 
Woods Hole Oceanographic InstitutioiL Dr. Maurice Ewing of ^hi^ Uni¬ 
versity, and collaborators, and Dr. C. 8. Piggot of the Geophysical Labora¬ 
tory, Carnegie Institution, our knowledge m the materials and underljdng 
strata of the sea floor is being expands. In all this work the Geolopcal 
Society of America has been especially interested^ and has contributed 
greatly to the growth of knowledge in t& field of science through grants to 
various investigators. 
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Automatically recorded profiles of submarine topography of the Atlantio 
Continental Slope show decidedly V-ehaped cross sections, in the extreme 
heads of the canyons as well as in depths of 6,000 feet and over. Due to cer¬ 
tain limitations of echo sounding it is sometimes impossible to record the 
bottom of steep, narrow ravines in deep water, or to record true sloim in 
very rugged topography. Graphic records of echo munding always give a 
more complete picture of the profile than visual indicators and in many in¬ 
stances reveal phenomena that might otherwise be missed, such as the 
great sand waves found south of Nantucket Island during the summer of 
1930 by the Coast and Geodetic Survey Ship Oeearwgraph^. 

The abrupt change from the topography of the shelf which is plaiidy ma- 
nne made in character, to that of the slope which shows no inmcatioiu of 
marine erosion, but is plainly that commonly attributed to stream erosion 
IS one of the most remarkable of the many interesting facts demonstrated 
by the new survey. The cooperation of the Geologicfd Society of America 
through the late Dr. A. C. Veatch and the Coast and Geodetic Survey has 
resulted in the publication of these new surveys in the form of special cnarts 
for use by various investigators. (Author^a abkraei.) 

T. C. Lyon, U. S. Coast and Geodetic Survey: MtiJuida of air namgatum 
and aeronautical charta .—Air transportation is still making rapid strides, and 
the distribution of aeronautical charts by the Coast and Cieodetic Survey 
during the past year exceeded the distribution of nautical charts. 

The basic methods of marine navigation arc also the basic methods of air 
navigation, although new instruments and stream-lined technique are re¬ 
quired for the higher speeds of aircraft. 

Aeronautical charts are comparable to nautical charts. They differ from 
topographic maps in their emphasis upon landmarks, in the degree of accu- 
ra^ required, and in the necessity for frequent revimons. 

Three standard series of aeronautical charts are now being published by 
the Survey: 87 sectional charts, scale 1:600,000; 17 regioiud charts at 
1:1,000,000; and 6 direction finding charts at 1:2,000,000-^1 on the Lam¬ 
bert conformal conic projection. These are designed to meet the needs of air¬ 
craft of widely different speeds and methods of navigation. 

Aeranautical charts arc compiled from the best available data, and checked 
from the air before distribution. For the future,air navigation will beat new 
altitudes, with new methods, new instruments, and possibly new charts, in 
prospect. 

Specimens of the standard charts, and also of several experimental charts, 
were on display, {Author’a abatract,) 

The first paper was discussed by Messrs. Eaton, Pawling, and Hum- 

PHBEYB. 


1163d meeting 

The 1163d meeting was held in the Cosmos Club Auditorium, Saturday, 
February 17( 1940, President Gibbon presiding. 

Program: H. R. Mobgan, U. S. Naval Observatoi^: The moliona of the 
earth .—Observations of the sun, moon, and planets in the past 300 years 
show rather large and irregular deviations from their gravitational orbits. 
These are attributed to fluctuations in the rate of rotation of the earth giving 
a variable time amounting to as much as 60 seconds time in a century as 
compared with a perfect^ uniform time. 

To determine the motions of the {ilanets over long periods of time it is 
necessary to have a uniform time unit. The new tables of the moon are so 
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accurate they may be used for this. In an investintion of the motion of the 
planet Meroury, now being carried on at the I^val Observatory, the ob¬ 
served deviations of the moon from its gravitational orbit arc us^ as the 
corrections to variable earth time to r^uce it to uniform or Newtonian 
time. (AufAor’s abstract.) 

C. B. Watts: A travding-wire micrometer vnth photogra^ic registration .— 
The 6-inch transit circle or the U. B. Naval Observatory has been equipp^ 
with a photomphio re^ster for use with the traveling-wire micrometor. The 
usual method of recording on a chronograph the signals originated by a con¬ 
tact device on the micrometer has been discarded. It is replaced by a system 
in which a portion of the graduated head of the screw is photographed 
periodically on recording paper while a transit is being observed. The ex¬ 
posure are initiated by the clock and no chronograph is required. The result 
IB equivalent to that yielded by the older methoa: there are, however, several 
advantages in the new system. One of these is the fact that the pemtion of 
the traveling wire is recorded at the same time intervals for all declinations. 
These intervals arc sufficiently great to insure the independence of succes¬ 
sive recordings; closely spaced signals for an equatorial object and exces¬ 
sively long intervals for a circumpolar star are both avoided. The new de¬ 
vice also serves as an efficient recorder of pointings made on the coUinutors, 
meridian marks, and reflected nadir images. When used for this purpose the 
exposures are initiated by the observer. {Author’s abdraet) 

The first paper was discussed by Messrs. Meggers and Watts; the sec¬ 
ond by H. L. Curtis. 

F. G. Brickwedde gave an informal communication on a new tempera¬ 
ture scale that hsua been proposed. He showed by a quotation from a paper 
by J. P. Joule and William Thomson entitled On the thermal effect of fiuuis 
in motion, which appeared in Phil. Trans. 144:32 (1864), that the idea was 
original with them. This was discussed by Messrs Gibbon and Tuckerman 

1164th meeting 

The 1164th meeting was held in the Cosmos Club Auditorium, Saturday, 
March 2, 1940, President Gibbon presiding. 

Program: A. H. Pfcno, Johns Hopkins University: A partial analysts of 
gaseous mixtures wthoul the use of a spectroscope .—This procedure is based 
on the fact that certain gases and vapors such as COi, HtO, CH4, etc. have 
absorption bands in characteristic wave-length regions in the infrared spec¬ 
trum. The apparatus consists of an incandescent solid whose radiations pass 
through an imtially evacuated absorption-cell and then enter a detector con¬ 
taining a gas such as COi. Some of this radiation will be absorbed and trans¬ 
formed into heat, thus raising the temperature of the gas and affecting ther¬ 
mo-junctions not in the direct path of the radiation. Upon admitting air 
containing COi into the absoiption-cell, this COi prematurely removes or 
weakens those radiations which, previously, had heated the COi in the de¬ 
tector, As a result, the temperature of the gas in the detector drops. 

Applications of this procedure to ventilation, fermentation, and respiration 
were discussed. {Author^s abdraet.) 

A. Q. McNibh: The geomagndie field and its variations .—^The general mag¬ 
netic field of the earth may be represented to within the reliability of the 
observations by a dipole near the center (moment 8X10" cgs units), giving 
rise to about 80 percent of the field, and 14 secondary radiallv dieted 
dipoles (average moment 0.1X10" cgs units) located at specified positions 
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midway between the Burface of the earth and its center, pving rise to the 
remainder or residual field. 

Secular change can be represented by the yearly addition of 13 dipoles 
of equal strength (moment 1.4X10** egs units) at the same depth as the 
dipoles of the residual field. Continuance of secular change at toe present 
rate for one hundred years would thus build up a now residual field. 

Interpretation of this model leads to the beliefs that (1) at least a consid¬ 
erable portion of the'earth's magnetism (the residual field) oriipnates at a 
lesser depth than the central core revealed by seismological evidence, and 
(2) secular change involves this residual field and therefore is due to changes 
taking place between the surface of the earth and the surface of the central 
core. {Author’s abstract.) 

The first paper was discussed by Messrs. Gibbon, Maxwell, Bbivk- 
WEOOE, Kaureil Muelleb, McNibh, Humphreyb, and Astin; the second 
one ^ Messrs. Gibbon, Sf.eoer, Teller, McComb, Smith, Brickwedde, 
and Howe. 

1165th HBETINQ 

The 1165th meeting was held at the Cosmos Club Auditorium, Saturday, 
March 16, 1940, President Gibbon presiding. 

The Tenth Joseph Henry Lecture entitled Differences tn physical proper¬ 
ties of isotopes was delivered by Prof. Harold C. Ubey, of Columbia Uni¬ 
versity. This lecture has been published in this Jouhnal 30: 277-204, 
1040. 

1166th meeting 

The 1166th meeting was held in the Cosmos Club Auditorium, Saturday, 
March 30,1940, President Gibbon presiding. 

Program: R. M Zabel, Hypirade Sylvania Corporation: Fundamentals 
of fluorescence. —Since Eduion’s invention of the incimdescent lamp in 1870, 
incandescent lamp cflSciencios have increased from slightly over 1 lumen per 
watt to 14 lumens per watt for a standard 60 watt tunmten lamp. The in¬ 
troduction of the fluorescent lamp has increased this efficiency to approxi¬ 
mately 42 lumens per watt (including lamp wattage and auxiliary loss). 

The visible light in a fluorescent lamp is generated by the passjqp: of a 
discharge through a mixture of ar^n gas and mercury vapor, the discharge 
being operated under such conditions that as high a percentage aeLpossible 
of the radiation generated is in the resonance line of mercuiy (2637 A). This 
ultraviolet radiation is absorbed by the fluorescent material on the inside of 
the lamp and re-radiated as visible light of a wavelength depending upon 
the type of fluorescent material used. 

The effect of small quantities of foreign materials upon the fluorescent and 
phosphorescent characteristics of a silicate or tunmtate, such as is most com¬ 
monly used in fluorescent lamps, is ver^ marked. Tor example, the introduc¬ 
tion of 1 percent manganese in one silicate greatly increases the fluorescent 
output and movea the maximum of the output curve from approxunately 
4,1M A to 6,230 A. On the other hand, the introduction of iron, copper, or 
nickel greaUy decreases the fluorescent output. This effect is presumably 
due to the introduction of additional energy levels in the fluorescent materiu 
due to the replacement of the normal metallic constituents of the crystal by 
the foreign metallic elements. In some cases these additional energy levels 
are properly placed to radiate light in the visible repon. In other cases, they 
may be so placed as to re-radiate the light outside the visible, gener.jmy in 
the infrared. This, of course, wastes the energy. 
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Phosphorescence differs from fluorescence in that a time lag exists befon; 
the light output of the phosphor builds up to a maximum and a lag exists 

in the decline of the li^t ou^ut to lero after the starting or stopping of 
the exciting radiation. Many fluorescent materials exhibit Imth fluorescence 
and phosphorescence. Phosphorescence in the type of materials under con¬ 
sideration is ascribed to the presence of potential traps which hold appreci¬ 
able quantities of electrons which escape slowly through the barrier of the 
trap before returning to their normal place in the crystal structure and 
emitting the radiation normally coincident with this energy interchange. 

Various fluorescent materials are mixed to obtain the color desired in a 


finished fluorescent lamp. 

The quantum efficiency of the best fluorescent material found to date is 
approximately 70 percent. (Auihor’a abatract.) 

W. P. Lowell, Jb., Hygrade Sylvania Corporation: Prattiad applicatton 
of fluoreacent Itghitng .—To use fluorescence in practical lighting it is neces¬ 
sary to combine a source of ultraviolet and the proper phosphor in a con¬ 
venient form, and to devise means of operating this lamp on the 115-volt 
60-cyclc circuits generally available in this country. The lamps which have 
been developed arc long tubes having electrodes at both ends, powdered 
phosphor on the inner surface of the tu w, and a filling of mercury vapor and 
rare gas at low pressure. 

The electrical control circuit consists of inductive ballast in series with 


the lamp, to control the current, and an automatic switch to aid in starting 
the lamp. This switch provides for preheating of the cathodes, then applies 
sufficient voltage across the tube to insure starting the arc. Several types of 
starting switches were demonstrated, including Manual, Magnetic, Thermal, 
*'Qlow Tube,” and High Resistance Thermal. 

The power factor of this lamp and inductive ballast being inherently low 
(and lagpng) it is our practice to ballast alternate lamps with a combination 
of capacitance and inductance, thus operating one lamp with leading cur¬ 
rent, and the resultant power factor of each pair of lamps very near to unity 

Practical lighting units, each one complete with lamps, ballasts, starters 
and all necessary reflectors and glass diffusers were demonstrated, including 
the illumination of one-half the lecture hall with two of the “Miialume” 


units. Lantern slides were shown of many actual installations of fluorescent 
lighting. 

In conclusion, the effect of Daylight Fluorescent color was demonstrated 
on flowers and many other objects. The ordinary tungsten filament in¬ 
candescent lamp is, of course, far more jrellow and red than natural dayli^t, 
while the Daylight Fluorescent Lamp is very close to actual average wy- 
light (color temperature 6,500” K.). Blue flowers and blue cloth are particu¬ 
larly striking woen their true color under Daylight Fluorescent is comMred 
to identical samples under an incandescent source. {AuthoPa abtiraei,) 


1167tb mebtimq 

The 1167th meeting was held in the Cosmos Club Auditorium, Saturday, 
April 13,1940, Vlce-nesident McCoiib presiding 
Program: L. Mabtok, R. C. A. Manufacturing Co.: ^ledron mieroaeopu .— 
The discovery of the optical behavior of electron beams led to the develop¬ 
ment of a new branch of science: "Electton microscopy.” It is based on the 
analogous use of light optical elements in a compound li^t microsTOpe and 
electron optical elements in an electron microscope; and on the highly in¬ 
creased resolving power due to the much shorter wavelength of electrons. 
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On considerations of wavelength alone, an enormous increase in resolving 
power should be obtainable. However, thu is limited by a number of factors 
mven, chief among them being the optical aberrations, which were discussed 
m detail and numerically evaluated. It was conclude that at the present 
state of development of electron microscopy, resolving powers of the order 
of 10 A should be obtainable. 

After a discussioa of constructional details of electron microscopes, a se¬ 
ries of micrographs taken by the electron microscope was shown, and the re¬ 
sults discussed. It was pointed out that the main applications of the electron 
microscope at the present time are in bacteriology, virus research, and in 
the wide field of colloidal research, including not only industrial colloids, 
but also all the building stones of living matter. (AtdWs abstract.) 

The pa^r was discussed by Messrs. Smith, Humphrkyb, Roller, Coe, 
Mahan, Reading, Beek, Farno, and others. 

1168 th mbetino 

The 1168th meeting was held in the Cosmos Club Auditorium, Saturday, 
May 11,1640, President Oibson presiding. 

Program: J. H. Swartz, U. S. Geological Survey: Renativtty studies of 
some geological problems. —In El Paso, Texas, salt water was found to be 
encroaching upon a well from which a considerable portion of the city's 
water supply was at that time being drawn. Resistivity measurements were 
successful in determining the area underlain by salt water and in delineating 
the boundarv between fresh and saline water areas. Salt water predicted 
for a city well at Clint, Texas, was encountered as predicted when the well 
was drilled despite the adverse prediction. 

In the Hawaiian Islands large amounts of water are developed from thin 
basal lenses of fresh water floating on the salt water permeating the various 
islands. It was found possible by resistivity measurements to tdl the thiitk- 
ness of such basal fresh water lenses and to determine quite accurately the 
elevation of the basal water table. Five test checks so far obtained at shafts, 
drill holes, and wells, have shown an average ihfferencc of 0 66 feet between 
predicted and observed water table elevations. 

Studies of perched water horizons are now being made on the island of 
Maui. While still in an early stage due to the research character of the prob¬ 
lem and the stratigraphic complexity involved, encouraging results have 
been obtained. (Author’s abstract.) 

F. W- Lee, U. S. Geological Survey: Home problems in geophysics, —^Asthe 
science of geophysics has grown, especially in its application to prospecting, 
there has been a marked evolution in design and use of geophjrsical appara¬ 
tus. During this evolution many traditional features of instruments have 
been improved whereas others have become obsolete. In the light of this 
progress it is very interesting to examine the many stages of development 
that scientific prospectmg has undergone and is undergoing. Old dousing 

E araphemalia have been replaced by we magnetic dip noodle, which in turn 
as been largely replaced by the more accurate and much more sensirive 
magnetic variometer. Magnetic interpretations have made a decided ad¬ 
vance by the introduction of magnetic models and magnetic scales. Marked 
advances have also been made (by the sister methods) in electrical, seismic, 
and gravitational fields, and scientific prospecting is entering into a new 
era in which its application will, doubtless, be greatly broadened. In all of 
these branches of geophysioal prospecting there are three distinct divisions 
which must be closely intercoordinated for securing the optimum results. 
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Firatf there is the instrumeatation or the design and construction of prcdaion 
field instruments.^ Experience in the oil indi^ry shows how much advance 
cim bo made in instrument technic^ue if the scientific results are coupled 
with the prospects of hi^ economic returns. Second, there is the broad 
research associated with the many tj^es of geologic bodi^ which commonly 
differ from territory to territory and also have many modifying controls and 
factors. Third, there is the theoretical principle involving the application of 
the magnetic^ electric, gravitational, and seismic deformation Adds to geo¬ 
logic and engineering problems. The analyses of physical field measurements 
in these fields often involve very complicated procedure. (Aii^Aor’sa6«(ract.) 

1109th meeting 

The 1169th meeting was held in the Cosmos Club Auditorium, Saturday, 
May 26, 1940, Vice-President Brombacher presiding. 

Program: John P. Hagen, Naval Research Laboratory: Ream potoer ivbeB 
as %Mra-h%gh radio freqiiency generators .—The increasing use of the lower 
radio frequencies by the existing commercial services has forced new services 
into the ultra-high frequency range. There are many features in the behavior 
of ultra-high frequency circuits and waves which invite their use even 
though a condition of saturation had not betm reached in the lower frequen¬ 
cies. 

The advent of tubes of the beam type, such as the Inductive Output Tube, 
the Klystron and the Velocity Modulated Tube, has made the use of the 
ultra-high frequencies practicable The essential features in the action of 
these tubes are: the production of a cylindncal beam of electrons; the ac¬ 
celeration of the beam by means of a high voltage anode which collects little 
cumnt; the amplitude modulation of the beam by conventional grid action 
as in the Inductive Output Tube, or the velocity modulation of the beam 
as in the latter two type's; the subsequent induction of the power from the 
beam to a plate tank circuit which collects little or no direct current. This 
tank circuit is usually some form of resonant transmission line: and the 
eventual collection of the beam, which has given up its radio frequenev 
power, by means of a collecting anode at lower direct current potential. 
abstract.) 

Oscar Noroorden: Propagation charadenaites of vUrorkigh radio frequen- 
ctea .—One of the important links in a radio communication system is the 
propagation of the radio waves between the transmitting and receiving an¬ 
tennas. The electric field strength is proportional to the square root of the 
power and must exceed some definite value if to be useful for communication 
purposes. 

At the ultra-high frequencies, frequencies above 100 megacycles, the trans¬ 
mitting and receiving antennas are elevated several wavelen^hs above 
the surface of the earth. For distances less than the optical range or line 
of sight the field strength E at the receiving antenna is 

E^Ei+Et 

where E\ and E% are the electric fields at the receiving antenna due to the 
direct and reflected rays rospectivoly. Thus an interference pattern should 
bo observed for the variation of the field streng^ with distance. Measu^ 
ments show that this interference pattern does exist and is in agreement with 
the theory. For distances greater than the optical range the field strength 
decreases exponentially with the distance. Thus the maximum useful com¬ 
munication distance for the ultra-high frequencies is nearly independent of 
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the power and is approximately equal to the optical range. (iluMor’e ofr- 
etroct.) 

The first paper was discussed by Messrs. Rambbbo, Bioth, Maxwbll, 
and BiAiB^the second by Messrs. Maxwbll, Bbombachbb, Bbickwxddb, 
SxBOBB, Blaib, and Mohlbb. 

Raymond J. Bbkobb, Recording Secretary. 


^bitnarp 

Cybub Adleb, president of Dropsie College for Hebrew and Coniate 
Learning, died at his homo in Philadelphia on April 7, 1040. He wasn^m 
in Van Buren, Ark., on September 13, 1863. He received the A.B. degree 
from the University of Pennsylvania in 1883, the A.M. in 1880. From 
Johns Hopkins University he received his Ph.D. in 1887. Hebrew Union 
College gave him his L.H.D. in 1026; Univendty of Pennsylvania, his 
Litt.D. in 1030. He was in turn Fellow, Instructor, and Associate in Semitic 
languages at Johns Hopkins from 1884 to 1803. At the Smithsonian Institu¬ 
tion in Washington he served successively as librarian, 1802-1005: as as¬ 
sistant seoretaiy, 1905-1908; and as assistant curator and curator of historic 
archeolo^ and histone religions, 1888 to 1008. He was elected prendent 
of Dropme College in 1008; acting president of Jewish Theological Seminary 
of America in 1916, pretudent in 1924. Throughout his life he was a tireless 
worker in the field of education and in recent ^ears served as a member of 
the board of education in Philadelphia; as president of the board of trustees 
Philadelphia Free library; and as a memMr of the board of Qrats College. 
He was a delegate to the conference on an International Catalogue of Sci¬ 
entific Literature in 1908 and since served as member of the international 
committee. Widely known as an educator, writer, and philosopher, Dr 
Adler was also one of the recogmsed leaders of the Jews in America. 

The bibUomaphy appearing in **Iiectures, Selected Papers, Addresses" 
by Cyrus Adler, publiwed by his friends and coUearoes on the occasion of 
his 70th birthday, includes nearly 600 titles. In addition, there is a list of 
17 publications "edited by Dr. Adler, or issued under his supervision." He 
was editor of the Jefferson Bible; of the American Jewish Year Book, 1890- 
1906; of the Jewish Quarterly, since 1910; and one of the editors of the 
Jewiu Encyclopedia. His writings included Oriental, areheolo^cal, and 
philological subiects; he was an authority on comparative rebgion and 
American Jewish history. Among other oigi^iatioiis. Dr. Adler was a 
member of the Washington Academy of fences, a member and put 
officer of the American Philosophical Society; the American Jewish His¬ 
torical SodeW; and the American Oriental Society. He was a member of 
the Cosmos Club in Washington and of the Orientm and University Clubs 
in Philadelphia. 
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CHEMISTRY .—CyanogeneatB and entyme activity in sorghum varie¬ 
ties.'^ Jambs F. Couch and RbinholdR. Bribsb, U. S. Bureau 
of Animal Industry. 

Our knowledge of the decomposition of cyanogenetic glucosides 
by their appropriate enzymes is based to a large extent upon the 
interaction of emulsin and amygdalin. This system has been subjected 
to much careful study (1,3, 6,9). Less is known about the interaction 
of other cyanogenetic systems such as prunasin-prunase and lina- 
marin-phaseolunatase and very little about the highly important 
system dhurrin-dhurrinase which occurs in the sorghums. 

Since the enzyme component regulates the rate at which HCN may 
be developed in a cyanogenetic system, the quantity or activity of 
that component in any given specimen of cyanogenetic plant is an 
important factor in the toxicity of the plant. Evidence accumulated 
in this laboratory during the past three years indicates that the active 
proportion of enzyme in cyanogenetic plants may vary considerably 
at different periods and under different conditions not only in the 
sorghums but also in species of wild cherry. The greater number of 
samples of sorghum appear to be deficient in dhurrinase, but oc¬ 
casional specimens occur in which there is ample enzyme to liberate 
the greater portion of the potential HCN in 3 hours. Tlie wild-cherry 
species usually contain an abundance of enzyme, liberating all or 
nearly all the potential HCN in 2 to 3 hours, but rare samples occur 
in which the enzyme is deficient and cannot develop the entire quan¬ 
tity of potential HCN in the plant. 

Variation in enzyme activity may explain the failure of some sam¬ 
ples to produce poisoning in animals when chemical analysis indicates 
a toxic level of HCN. The lack of cyanogenetic ens3rme in Eretnophila 
maeulata has been advanced by Finnemore and Cox (5) to explain the 
nontoxio nature of that plant when fed alone and its ability to produce 
HCN poisoning when some other material containing Uie misyme is 
fed at the same time. 

> lUiadTwf May 9, 1940. 
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It is of interest to know whether the ensyme activity of plants like 
the sorghums bears any constant relationship to the quantity of po¬ 
tential HCN in the plant or whether these two factors may vary in¬ 
dependently so that the rate at which the plant develops HCN may 
vary at different times. In the case of dried plants, such as hay, it is 
known that there is some loss of HCN during the curing process and 
the question of the effect upon the enzyme naturally arises. Some 
dried samples of sorghum and Sudan grass that have been kept for 
several years appear to have lost the greater part of their enzyme 
activity, although they retain considerable potential HCN. It is ob¬ 
vious that such bay would not be dangerous to livestock if the enzyme 
is insufficient to develop a toxic quantity of HCN when the hay is 
eaten. It is evident, therefore, that in some cases the quantity of 
enzyme present in the plant may be the factor that determines 
whether poisoning occurs. In view of these considerations it becomes 
highly desirable to work out some method whereby the activity or 
quantity of the enzyme can be evaluated. Until this has been accom¬ 
plished it will be difficult to study the factors that influence the forma¬ 
tion and storage of the enzyme in the living plant. 

In attacking the problem of working out some method by which a 
numerical index could be assigned to the enzyme activity of a cyano- 
genetic plant, it was thought that some indication might be obtained 
by observing the percentage of the total potential HCN that might be 
obtained after various periods of maceration. A number of data were 
obtained in this way which, while they clearly indicated variation in 
the enzyme activity at different times, were not adapted to mathe¬ 
matical treatment and did not lead to any quantitative knowledge of 
the enzyme. Samples of these same plants to which an ensyme had 
been added and others to which a solution of the glucoside was added 
were run at the same time as the untreated samples. The purpose was 
to supply enzyme if that factor was deficient or in case the ensyme 
should be in excess to supply enough glucoside to get an index of the 
excess. In both cases the results, while informative, were not of such a 
nature as to yield a numerical index of the enzyme activity. The 
failure in these attempts may be due to the fact that in the decomposi¬ 
tion of dhiurin or of prunasin, two enzymatic processes are occurring, 
the hydrolysis of the ether linkage with splitting off of the sugar mole¬ 
cule and the hydrolysis of the nitrile to produce HCN. Whether both 
of these reactions are catalyzed by the same enzyme or whether two 
ensynSlI^j^ concerned is not known, nor have we any knowledge that 
one reaction takes precedenoe over ^e other or that the two proceed 
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eonourrently. If one enzyme only is conrerned and if one reaction pro¬ 
ceeds more rapidly than the other, it is possible that the ensyme might 
be quite inhibited in partially hydrolysing a large quantity of gluco- 
side and thus produce very little of the completely hydrolyzed prod¬ 
ucts. We have some evidence that in the case of dhurrin glucose is 
split off the molecule more rapidly than HCN. Should some of these 
possibilities be trUe, the problem of accurately evaluating the quan¬ 
tity of enzyme may be quite complex. 

A study of the rate at which the enzyme hydrolyzes a definite 
quantity of glucoside should yield figures from which the approximate 
quantity of enzyme present could be inferred. This is especially true 
in the earlier stages of the process where, as shown by Auld (1) the 
reaction follows the law for monomolecular reactions. O’Sullivan and 
Tomson (S) used the time required for the performance of a certain 
amount of work as an index of the activity of invertase and the idea 
was applied to emulsin by Helferich (6) and by Willstfttter and 
Csanyi (9). Helferich determined this “Zeitwertquotient” as the time 
required to hydrolyze .50 percent of substrate. The application of this 
method to plants is limited by the fact that it is not possible arbi¬ 
trarily to alter the relative proportions of glucoside and enzyme pres¬ 
ent but one must accept the mixture as it naturally occurs. The 
addition of enzyme or glucoside to macerating plant mixtures is only 
partially satisfactory since much of the natural enzymolysis takes 
place within the plant tissues and there is considerable doubt that 
much of the plant enzyme goes into solution in the external fluid 
where the added glucoside is. On the other hand, there is little doubt 
that much of the added enzyme does not penetrate the plant tissues 
and come in contact with the plant glucoside. 

EXPEBOCENTAL 

Twelve varieties of sorghum grown at the Bureau of Plant Industry Ex¬ 
perimental Farm, Arlington, Va, were made available for this season 
throu^ the courtesy of Dr. J. H. Martin, of the Bureau of Plant Industry, 
who helped in the selection of the varieties and arranged for the planting 
and cultivation of the crop. The 12 varieties studied were Dwarf Yellow railo, 
Ajax, Spur feterita, Sharon kafir, Qrohoma, Sagrain, hegari, Leoti sorgo, 
Sumac sorgo, Kansas Orange sorgo, Rex sorgo, and Atlas sorgo. 

It was planned to determine in each plant collection the HCN liberated 
without prelinainary maceration and after water maceration for 1, 2, 3, 4, 
24, and 48 hours, and after mercurto chloride preservation for 4 weeks, 8 
weeks, and 0 months. When there was a shortage of material, certain of the 
least essential samples in this series were omitted. S^ples were collected 
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daily throughout the season at 8:30 A.if . and taken at once to the laboratory, 
where they were immediately sliced fine or ground for analysis. The whole 
plants were sliced so long as no pith was present. As soon as inth began to 
appear, that part of the stalk containing the pith was discarded. When the 
plants became fibrous and tough the loaves were stripped off and ground in a 
food chopper, the stalks and heads being discarded. Fifty-gram samples 
were used whenever sufficient material was on hand and the plant was 
weighed out (before grinding or slicing) in slight excess for the number of 
analyses planned. The sliced or ground plant was mixed thorou^ly and 
weighed at once into flasks and jars assembled in advance. The samples for 
water maceration were placed in 5-liter round-bottom flasks and stoppered 
with a rubber stopper. Those for mercuric chloride preservation were placed 
in pint fruit jars. As soon as the last sample had been weighed, the contents of 
the jarswere flooded with water and i gram (1 percent) of mercuric chloride in 
solution added to each. The jars were then filled to the shoulder with water, 
covered, shaken well and stored at 26** C. until the time of analysis. In the 
meantime a flask of water had been brought to boiling. For the time series it 
was necessary to stop all enzyme action promptly at the beginning of the 
analysis. This was accomplished quite effectively with boiling water and 
mercuric chloride To the sample marked zero hours, 1,600 cc of boiling 
water containing 1 gram (2 percent) of mercuric chloride was added The 
flask was connected to a condenser and the burner lighted at once As soon 
as vapor began to condense in the delivery tube above the stopper, 2 grams 
of stannous chloride in water was added, the connections quickly reinserted, 
and without removing the flame the mixture was well shaken while holding 
the stoppers firmly in place. The HCN was then distilled off and caught in a 
600-cc Erlenmeycr flask containing 10 cc of 6 percent potassium hydroxide. 
Two distillates of 400 cc each were taken for each sample For the remaining 
samples a quantity of warm tap water sufficient for 500 cc per sample was 
run into a large container and adjusted to 37** C To each flask was added 
600 cc as rapidly as it could be measured in a graduate and the rubber stop¬ 
pers reinserted. The flasks were placed at once in the incubator at 37* C. 
The whole operation of adding the water required from 3 to 6 minutes, de¬ 
pending on the number of samples in the series. When the period of macera¬ 
tion had elapsed for each sample, it was diluted to 1,600 cc with 1,000 co of 
boiling water containing 1 gram (2 percent) of mercuric chloride. The flask 
was then connected, heated, stannous chloride added, and the contents dis¬ 
tilled just as in the case of the zero hour sample. The HCN content of the 
distillates was determined as previously described (2). 

The amount of HCN liberated each hour for the first four hours was de¬ 
termined in these experiments because an animal that is to become poisoned 
from sorghum will ordinarily show the effect within four hours. The animal 
will very likely not become poisoned if no effect is produced within four 
hours after the plants arc oaten. 
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mscoBBiON or risultb 

The data obtained in the experiments are tabulated in Tables 1 and 2. 
The data in Table 1 are expres^ in milligrams of HCN per 100 grams of 
plant calculated to the dry basis. Columns 6 to 12 give the figures for the 
amount of HCN liberated by water maceration during intervals of 0, 1, 2, 
3, 4, 24, and 48 hours. The total amount of potential HCN in the plant as 
determined by 4 and 8 weeks of maceration in mercuric chloride is shown in 
column 13, the highest value thus obtained being pven and the values simi¬ 
larly expressed in mg of HCN per 100 grama of dry plant. Column 14 pves 
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37 
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16 
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14 
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48 


Hacarl 

42 

14 1 

4 

43 

80 3 

Hegari 

81 

14 2 

24 

spur faterita 

21 

07 3 

Hegari 

33 

41 3 

48 

Spur feterita 

Alas 

26 

03 8 

Leoti aorgo 

17 

54 6 

In Uia. 

48 

487 mg. 

Hegari 

34 

78 mg 


the time in hours at which 60 percent of the potential HCN had been liber¬ 
ated. These values were obtained from graphs of the figures for the number 
of milligrams of HCN liberated against the time intervals 0,1,2,3,4, and 24 
hours corresponding to these figures. Column 16 gives the rate index for 60 
percent hydrolysis. This figure indicates the number of milligrams of HCN 
obtained per hour up to the time at which 60 percent of the potential HCN 
had been liberated and was calculated from the data in columns 13 and 14 
The data in Table 1 arc arranged according to height of plants The number 
of milligrams of HCN liberated at the stated time for hegari are given in the 
first four sections of the table. Similar figures are given in sections 6 and 6 for 
11 varieties of first-growth plants and 4 varieties (6 samples) of second- 
growth plants all less than 15 inches in height. The last section gives the 
figures for plants 2 feet or more in height for all varieties excluding hegari. 
Spur feterita, 20-22 inches high, was placed in this section although slightly 
less than 2 feet high. This sample is the exception mentioned in the next 
paragraph. 

The data in Table 1 reveal the outstanding fact that yotmg sorghum liber¬ 
ates HCN at a much higher rate than older plants. The rate index expresses 
this fact numericcdly. All the high values for the rate index are seen to be 
associated with the sorghums lees than 16 inches in height, sections 1,6, and 
6 , with one exception, namely, Spur feterita, 20-22 inches high in section 7, 
which hfi' a rate index of 31 although it is nearly 2 feet in height. Another 
exception is Sharon kafir, section 6, young first growth which has a rate index 
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of 18.8 while the next lowest value in this section is 20.9. No explanation for 
these exceptions can as yet be given. 

A comparison of first and second growth sorghum brings out the fact that 
some samples of second growth have an exceptionally high rate index. For 
example second growth Ajax with a potential HCN value of 487 milligrams 
has a rate index of 100.5 and Spur feterita has corresponding values of 240 
and 60. The highest value for young first growth was that of Spur feterita 
with a potential HCN value of 292 milligrams and a rate index of 60.1. This 
comparison between first and second growth is well brought out by the re¬ 



spective averages calculated from Table 1, as given in Fig. 1, in which the 
percentages of the potential HCN liberated arc plotted for the various time 
intervals. The curves show that 60 percent hydrolysis is reached earlier in 
the case of second growth plants so far as can be determined by a small 
number of samples. 

The activity of the eniymo as indicated by the rate index is a factor de¬ 
termining the rate of evolution of HCN and hence the toxicity of sorghum. 
The high rate indices associated with young plants, including second growth, 
first growth and suckers, indicate that sorghum in its early stages of growth 
is a dangerous food for livestock. From the present state of our knowledge it 
is as yet impossible to say whether plants with low rate indices are toxic to 
animals when eaten m large quantities and if so what determines the toxic 
level for such plants. 

The rate index is independent of the quantity of potential HCN in the 
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plant. A comparison of the amount of potential HCN in sor^um with the 
corresponding rate indices showed that there was no correlation between the 
two. Samples with a potential HCN content of 200 and 200 milligrams 
showed rate indices of 32.3 and 4.3, respectively. Kmilar discrepandes were 
numerous throughout the list. 

It is of interest to note which varieties of sorghum liberated the lowest 
p>ercent of the potential HCN and which the highest for the different periods 
of maceration in water and in mercuric chloride. Data for such a comparison 
are given in Table 2. Hcgari is shown to be the lowest in 6 out of 8 instances 
and Siunac sorgo and Leoti sorgo each in one instance. Among the highest 
are Atlas sorgo, Ajax, and Spur fcterita. 

In Fig. 1 the curve or the averages of all first growth plants 2-6 feet in 
height shows a slowing up of the rate of evolution of HCN between the 2- 
and 3-hour points follow^ by an increase. All samples from plants of this 
dec were ground in a food chopper for analysis. Hence a certain amount of 
glucoside and ensyme from the crushed sample were in intimate contact 
and therefore the hydrolysis proceeded more rapidly from the beginning than 
in the case of sliced first growth plants. The grinding, however, was not suf¬ 
ficiently fine to expose all the glucoside and ensyme and a certain time 
would be required for the penetration of the solvent and subsequent dif¬ 
fusion of the reactants and reaction products. The result is a slowing up of 
the reaction rate as indicated by the curve after the 2-hour point in the 
averages. Young plants, which contain more water and are less fibrous, per¬ 
mit a rapid diffusion of glucoside and ensyme and do not show this phe¬ 
nomenon. No analyses were made this season for periods between 4 and 24 
hours. It is conceivable that this slowing of the reaction could occur later 
than at the 4-hour period in a sample with a slow reaction rate and if at the 
same time the curve in this area was rather flat a dip could occur due to the 
rate of destruction of HCN for a time exceeding the rate of its formation. 
Such a dip has been discussed in a previous publication (2). 

It is of interest to calculate how much difference in toxicity the variation 
in rate of evolution of HCN would be expected to make. Taking the m.l.d. 
of HCN for cattle as 2 mg per kg and for sheep as 2.3 mg per kg, then on the 
basis of the average of actual HCN evolved from hegari in 4 hours, the 
8-14 inch plants would furnish one m.l.d for a 300-kg cow in 281 g of plant; 
the 24-26 inch plants in 1,215 g and the 6-foot plants in 1,378 g. For a 60-kg 
sheep the figures are: 53.8 g, 233 g, and 264 g. respectively. The potential 
HCN contents (average) of the plants are as 100:71.7:32 percent. 

BUIOIABT 

The activity of the enzyme determines the rate at which a cyano- 
genetic plant evolves HCN and so is a determining factor in the tox¬ 
icity of the plant. Unless the enzyme is sufficiently active to evolve a 
toxic quantity of HCN quickly, poisoning is not likely to occur. 
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Young second-growth and first-growth plants including suckers have 
a much higher rate index than leaves of well-developed sorghum 
varieties and consequently are to that extent more likely to cause 
poisoning. Whether plants with a low rate index are toxic when larger 
quantities are eaten and if so what determines the toxic level for such 
plants are questions requiring further investigation. 

The ensyme activity of a oyanogenetic plant may be numerically 
defined as the number of milligrams of HCN evolved per hour until 
60 percent of the potential amount has been set free under certain 
conditions of temperature and dilution. The figure is referred to as the 
“rate index.” 

The rate index was determined for a number of varieties of sor¬ 
ghum collected at Arlington Farm during the summer of 1930. The 
rate index is high for young plants of all varieties less than 15 inches 
high and low for plants of all varieties above 2 feet high. The rate 
index is not correlated with the quantity of potential HCN and 
varies independently of it. Consequently the activity or quantity of 
the enz 3 rme in the plants is not a function of the quantity of dhurrin. 
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PALEOBOTANY.— A bracket fungtu from the late Tertiary of aauthr 
toestem Idaho} Roland W. Brown, U. S. Geological Survey. 

The specimen to be described here was collected in 1939 by James 
L. Morris, registered engineer of Boise, Idaho, at a locality about 

miles east of a point 5 miles south on the hi^way from Bruneau, 
Idaho, to Owyhee, Nev. Associated with this specimen on the surface 
at the same locality is much fossil wood, which includes species of fir 
{Abiee), alder {Alnus), poplar {Populua), oak (Qiurcue), and hickory 
{Hicoria). From a sketch and photograph submitted by Mr. Morris, 
it would appear that the fossils occur in a stratum lying just above a 
white bed of volcanic glass sand. These strata may be part of the 
Idaho formation, which in the course of its history has been made to 
include a rather heterogeneous series of lake and basin deposits lying 
above the Columbia River basalt. The presence of undoubted hickory 
among the fossil woods suggests a much moister climate than that 
now prevailing in the area, and it also suggests that the age of that 
part of the formation is probably not later than early Pliocene. 

Analysis of the specimen showi^ that it is composed principally of 
calcium carbonate with minute amounts of other substances, some 
of which may have come from clay or other extraneous materiallodged 
in the pores subsequent to the calcification of the specimen^.TlSe fact 
that this fungus and the woods are calcified, with preservation Of the 
original cellular structure as perfect as the best examples of silicified 
specimens of the same kind, raises some questions that the writer 
can not answer at this time, such for example as: What was the prob¬ 
able immediate source of the calcium carbonate? Why did calcifica¬ 
tion take place instead of silicification? A thorough examination of 
the geological setting would doubtless throw light on these matters, 
but the writer has not had an opportunity to visit the locality. Ac¬ 
cording to the sketch there are now hot springs 6 miles east of this 
locality, but whether these or similar springs that may once have 
existed closer by had anything to do with this fossiliaation is only 
conjectural. It would seem that definite answers to these questions 
might perhaps precipitate the long-sought solution to the problem as 
to how calcification and silicification take place. 

POLYPOBAOBAI 

Femes Idahoenidt Brown, n. sp. Fip. 1-4 

This specimen is the sporophore or spore-bearing portion of a bracket 
fungus. It is 13.6 cm long and 4,6 cm thick. The upper surface (Fig. 1) is or 

' Published by permission of the Director, Qeologioel Survey, U. 8. Department 
of the Inteltor. Received May 29,1940. 
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was fairly smooth and displays a series of convex-rounded “iin||s” of growth. 
The under surface (Fig 4> i ^t and porous, the pores numbering about 730 
per sq. cm. These are shown in Fig. 2, magmfied four times. Fig. 3 is a cross 
section through the right hand end of Fig. 4 and illustrates the vesicular 
corky context separa^ from the pore area by an irregular dark sone. 
Microscopic examination reveals no ^res or other ngnificant cellular struc¬ 
tures. 

I 

The specimon resembles the living bracket fungus, Femes pinicola 
(Swarti) Cooke, so closely that no doubt exists as to its aflinities. The only 
difference appears to be in the siso of the pores, which are slightly larger 
in the fossil, thus aggregating only about 750 per sq. cm as compared with 
about 1,000 in F, pinicola. The species of the genus Fames attack many 
kinds of trees. Fomea pinicola is found on conifers generally and is not con¬ 
fined to Pinna specifically as the name might suggest The fossil may have 
lived on one of the numerous species of conifers recorded from the late 
Tertiary of the western United States. 

Mason* records Fames applanalvs (Persoon) Gillot from the Pleistocene 
of the Tomales Bay region, Calif. This appears to be the only other au¬ 
thentic American fossil polypore fungus Those described by Wieland and 
Brown in 1934 and 1936, rcs[>ectively, have since been shown by Brown* 
to have been misidentified Seward^ in 1898 accepted as authentic several 
records of Polyporaceae from Europe, the earliest being an Oligocene 
species of Polyporua described by Conwents from the Baltic amber deposits. 
Meschinelli,* however, records a number of additional species. 

The writer expresses appreciation for help in this study to John A. Steven¬ 
son, U. S. Bureau of Plant Industry, and Kiguma J. Murata, U. S. Geo¬ 
logical Survey. ♦ 

■ Mason, H. L Pleistocene flora of the Tomales formation Carneglo lust. Wash¬ 
ington Publ 415(4): 143, pi 6, W 1, 4. 1934 

* Brown, Roland W. Two fossils mieidenlifUd as sh^~fungi, Joum Washing¬ 
ton Acad. Bel. 28:130-131. 1938. 

< SiWARD, A. C. Fossa planU. 1: 207-222 1898. 

* MbhchinblUp a Fungorum fossiUum omnium hucusque cogntlorum toono- 
graphta. 1808. 
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BOTANY.—Oxytenanthera felix, a new species of bamboo from Ytin- 
nan, China.^ Y. L. Keng, National Central University, Chung¬ 
king, China. (Communicated by Agnes Chase.) 

The genus Oxytenanthera Munro comprises about 20 species, from 
tropical Asia, New Guinea, and Africa. The species here described is 
the first known from China. 

Oxytenanthera felix Keng, ep. nov. 

Culmi teretea, 0 m alti, ramis foliiferis (in speciinine) usque 00 cm longia, 
6 mm crassis, basi squamis glabris stramineia cinctis; vaginae aese arete 
involven^, infima 12 cm longa, glabrae vel superiores pilis adpreaaia 0.6-1 
mm longia atrigosae; ligula firma, 3-4 mm longa, aaepe bipartita; laminae 
saepiasime 30-45 cm longae, 4 5-^ cm latae, acutiasimac, glabrae, baai in 
petiolum 4-7 mm longum attenuatae, margine acaberulae vel veterea fere 
laevea; rami floriferi aimplires, aphylli, subherbacci, usque 2.6 m lonpi, 
intemodiia inferioribua circ 15 cm lon^, 0 mm craasia; apiculae dense faacic- 
ulatae vel plurimae in capita magna usque 5 cm craasa dispoaitae, pleraeque 
4-fiorae, 16-20 mm longw, palhde viridea vel ad maturitatem stramineae; 
glumae 1-3, late ovatae, 3-0 mm longae; lemmata ovato-lanceolats, 11-17 
mm longa, multincrvia, auperiora convoluta, pungcnti-mucronata; palea 
multo angustior, 11-15 mm longa, auproma convoluta, inferior bicarinata, 
carinis marginibuaque aupeme longe ciliata; lodiculac nullae; stamina 6, 
fills inferne connatis, hyalinis, usque 15 mm lonipa, anthoria 4-7 mm longia, 
apice minute hiapidulo (interdum fere glabro) apiculatis; ovariua linearis, 
atipitatus, in atylum hispidulum circ. 1 cm longum attenuatus, stigmato uno, 
plumoso, circ. 9 mm longo. 

Culms terete, 0 meters tali, the leaf-bearing branches (in specimen) arising 
singly from the nodes of the main culm or primary branches, about 0 mm 
thick and medullated with whitish-flocculose pith, covered at base with gla¬ 
brous stramineous scales, about 00 cm long, the lower 4 intemodes 6-16 cm 
long, glabrous; aheaths 10 on the upper part of tho Icafv branch, tightly 
overlapping, the lowermost 12 cm long, keeled or the midnerve prominent 
above, glabrous or the upper atrigose with approsacd hairs 0.5-1 mm long; 
ligule firm, prominent, 3-^ mm long, frequently 2-partite or sometimes con¬ 
cave at apex; blades mostly 30-45 cm long, 4.5-6 cm wide, with a strong 
midnerve and 10-13 secondary nerves on either aide, croas-veined, sometimes 
obscurely so, acuminate-pointed, cuneate at base with a petiole 4-7 mm long, 

S labrous or the pale lower surface very sparsely strigose with approssed 
eciduous hairs, the margins scaberulous or in age nearly smooth; floriferous 
branches simple, aphyllous, up to 2.5 meters long, the lower greenish sub- 
herbaceous internraea about 15 cm long, 9 mm thick; spikeleta deneelv 
clustered or numerous in large heads up to 6 cm thick, usually 4-flowered, 
16-20 ram long, pale green or stramineous at maturity; rachilla joints very 
short or the n^es nearly approximate; glumes 1-3, broadly ovate, acute or 
obtusish, successively longer, 3-0 nun long (when 3, the first sometimes 
keeled, the keel ciliate, the second sometimes paleato), multinerved, cross- 
veined, glabrous or the margms ciliolate; lemmas ovate-lanceolate, 11-17 
mm long (the lowermost sometimes only 7 mm long, broadly ovate, stami- 
nate), multinerved, the upper ones usually convolute, pungent-mucronate, 

* Received April 80, 1940. 
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glabrous or the margins oiliolate above; palea very narrow (about 1.6 mm 
wide between the keels), 11-16 mm long, tne uppermost convolute, the lower 
ones 2-keeled the keels and the inflexedmargins long>dliate above: lodioules 
none; stamens 6, the filaments connate into a tube around the pirtil, hyaline, 
up to 15 mm long, the anthers 4-7 mm long, apiculate with minutely his- 

E idulous tip (or sometimes nearly glabrous); ovary linear or somewhat en- 
ir^ at base when ripe, stipitate, nispidulous, attenuate into a hispidulous 
style about 1 cm long,'then continuous with a plumose stigma about 9 mm 
long. 

Type in the U. S. National Herbarium, nos. 1214319 (flowering specimen) 
and 121432M) (leaf-bearing specimen), collected on pl^n of the Nam Ha, 
between Muang Hai and Keng Hung, Yunnan Province, altitude 1,260- 
1,360 meters, February 16-17, 1922, by J. F. Rock (no. 2462). 


BOTANY.— Taxonomic relaiionships in the genua Gossypium.^ 
S. C. Harland, Sociedad Nacional Agraria, Lima, Peru. (Com¬ 
municated by T. H. Kearney.) 

There have been three recent papers dealing with the classification 
of the genus Oosaypium: Hutchinson and Ghose (1037), Hutchinson 
(1938), and Hutchinson (1939). The third of these is a condensed 
and modified version of the first two. The discussion of Hutchinson 
and Ghose (1937) on the taxonomy and relationships of the Asiatic 
cottons calls for no comment. It seems to the writer an accurate and 
painstaking attempt to straighten out a confused and complicated 
situation. The treatment of the other groups is less satisfactory. First, 
a slight error is made in the statement that G. daoidaonii and G. 
kloteachianum do not cross with cultivated New World cottons. Both 
in fact do cross with Sea Island cotton (G. barbadenae L.) but produce 
seedlings that, although germinating vigorously, die when ymmg 
through a progressive necrosis of the cotyledons.* Exception must 
also be taken to the statement that the two Australian species O. 
alurlii and G. robtnaonii are probably best classified with the New 
World diploid cottons. About G. robinaonii we know nothing except 
from herbarium specimens, so that it may be removed from the dis¬ 
cussion. Information gn the relationship of G. aturtii to other diploid 
species is derivable only from cytological sources (Webber, 1935,1936, 
and Skovsted, 1937). 

^ Received June 14, 1040. The writer ie indebted to Dr. T. R. Kearney and to 
Dr. H. J, Webber, who have read this manueonpt and furnished valuable suuestions. 

' Dr J, M. Webber informs the writer (April 34, 1040) that he has obtained one 
plant from the cross 6ar6adsn#eXdaeufsonti which grew normally and flowered pro¬ 
fusely, exhibiting the most t3mioal Drosera scheme meiotio chromosome behavior 
(13ii + 18i) of any Oo$$ypium hyond yet examined. 
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Webber (1936) reported the following results in crosses between 
sluTtii and New World diploids: 


Cboss 

UutHx 'Xamowianum 
Mitra'i X harkneaatt 
davidiOfUi X»turiii 
ihurberi Xtiurtii 


Type of Conjugation 
0ii+26i (moat) to 6ii 14i 
Oil +20i (moflt) to 4ii 18i 
0ii+26i (moat) to 5ii 16i 
20i (all) 


In a later communication Webber (1939) gave further data as fol¬ 
lows: 


CROas 

G. aiurthXG armourianum 
0, aturtitXO, harkneaatt 
0. eUundaonttXO aiwitt 
0 thurbmXO. alurtii 


Univalenta Bivalbnth 


24 08 
24 50 

23 04 

24 52 


0 00 
0 72 
1 03 
0 74 


Skovsted (1937) presented cytological data on crosses between aturtii 
and (a) davidaonii, (b) armounanum, and (c) Asiatics. lie gave the 
following results: 

Cross Univalrnth Bivalents Tkivalbntb Quadriva- 


davidaontt X aturtii 
•furttt Xarmounonum 
Aiiatlo 


14 05 5 32 

8 45 8 20 

2 0-3 7 0 5-10 2 


LBNT8 

0 10 0 02 

0 25 0 10 

0 5-0 8 0 3-0 46 


Here it is evident that aturtii is cytologically closer to the Asiatic cul¬ 
tivated cottons than to the New World diploids. Skovsted states that 
pollen mother cells with 13 bivalent chromosomes are found in the 
hybrids between Asiatic cottons and G. aturtii and between Asiatic 
cottons and 0. anomalum, and again, **0. anomalum and G. aturtii 
separated in different directions and to different continents. They yet 
retain suflScient cytological similarity with Asiatic cottons to permit 
of fairly normal conjugation in their hybrids.” If therefore aturtii is 
to be classed with any other group, it should, agreeing with Skovsted, 
go with the Asiatic and not with the American diploids. Webber, how¬ 
ever (1939), obtained in the cross kerbaceumXaturtii 21.66 univalents 
and 2.22 bivalents. Since cytological criteria disagree and genetical 
criteria are entirely lacking, owing to complete sterility of all recorded 
crosses, it seems best pending further evidence to put aturtii in a group 
by itself, as has been done by the writer (1939). 

Some comments may now be offered on certain changes that Hutch¬ 
inson and Ghose (1937) and Hutchinson (1937-38) propose to make 
in the taxonomic status of some species in the tetraploid New World 
cottons and that differ from the schemes put forward by the writer 
(1932, 1939). 
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The specific rank assigned darwinii, lomentoaum, barhadenae, and 
tailenae is not in dispute, but regarding the remaining species, two 
species and one subspecies were recognized in the writer’s first scheme 
(1932); (1) Q. hirautum L. (the American Upland of commerce); (2) G. 
purpurcucena Poir. (the Bourbon group), including 0. pttndolum Sch. 
and Thon. (the jmndatum group). Later, the writer (1930) tentatively 
and hesitantly gave specific rank to punctaium. Hutchinson and 
Ghose (1937) followed this scheme but changed the name O. purpuraa- 
cena to 0. religioautn. In a later communication Hutchinson made a 
further modification and proposed that purpuraaeena and punctatum 
should now be considered as varieties of htratUum under the names 
var. purpuraaeena and var. religioautn. 

Now since the writer disagrees with the first taxonomic change in 
so far as purpuraaeena is termed religioautn, and with the second 
change in so far as purpuraaeena and punctatum are made varieties of 
hirautum, it seems to be necessary to discuss the interrelationships of 
hirautum, purpuraaeena, and punctatum rather fully. Let us first de¬ 
fine what we mean by the terms. By G. hirautum L. we mean the huge 
and variable assemblage of forms comprised under the name Ameri¬ 
can Upland cottons. The type of the species is in the Sloane Her¬ 
barium, B. M., vol. 294, p. 45 (Miller’s specimen named by himself). 
It is important to note that the type herbarium specimen consists of 
a small branch with seven or eight leaves and two flowers (or buds). 
To use it as an accurate means of discriminating between the modern 
hirautum and related species can be done only by a process of ration¬ 
alization and might well be merely taxonomic pedantry. 

A whole series of minor details of form which characterize hirautum 
are not visible in the specimen. It can not be said, for example, whether 
the specimen is derived from a monopodia! or sympodial plant, or 
whether the flower is really characteristically hirautum. It is true that 
the very special leaf shape of hirautum is present, and this delimits it 
from barbadenae, a species in which this leaf shape is unknown. The 
process we have to go through, then, is this: We identify (rightly or 
wrongly) the type specimen of G. hirautum L. with the modem hir~ 
autum. We then compile a taxonomic description of hirautum from 
modern material and in the process discover what are the characters 
of taxonomic significance, which probably are not visible in the origi¬ 
nal specimen and which really do characterize hirautum and mark it 
off as a good species. We go through the same process with other spe¬ 
cies thought to resemble an original type specimen, and then, by using 
a combination of methods in which anatomy, mmrphology, ecology. 
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geographical diatribiition, and genetics all play a part, though in vary¬ 
ing order of importance, we decide upon species nomenclature. 

The question then is whether a detailed examination from the 
above points of view justifies the merging of purjmrascens and punc- 
tatum into the species hirsutum. Such an examination must make use 
of the criterion proposed but not employed by Hutchinson and Ghose 
(1937) when they say: "In devising a satisfactory classification for 
the species determined by genetic study, it is necessary to use only 
such characters as are indicative of fundamental differences in genetic 
composition." 

About the punctatum group little will be said in this article, since 
more genetical information is required before discussing its taxonomic 
position. It is obviously related to both Uplands {hiratUum) and Bour¬ 
bons {purpuraacena), and Lewton (1912) thought it worth while to 
describe a characteristic member of this group as a separate species, 
G. hopi Lewton. 

The use of the sphcific name 0. purpurtucena Poir. to denote the 
Bourbon group was adopted by the writer (1932) from Watt (1907). 

The drawing of 0. purpuraacena Poir. (No. 44 opposite p. 250) so 
closely resembled the typical Bourbons in the writer’s collection, par^ 
ticularly in the calyx shape, number of bract teeth, narrow, cup¬ 
shaped flower, and boll shape, that it seemed the most convenient 
name to adopt, more especially since the general description of the 
species given by Watt also conformed. It was recognized that the 
Bourbon group was related to the Upland group, but how distantly 
was not known. 

Subsequently, descriptions were made of as many morphological 


Tabus 1.—Gbnbtical DirraRENcua Betwhn puBFURAAcaNB 
AND H1BBUTT71I 


purpuraacena 

1 htrautum 

Gene 

Character 

Gene 

Character 

Not known 


R« 

Red leaf 

RP or R® 

Red leaf 

Not known 


S' . . 

Petal Spot (muta¬ 
ble on hiratUum 
background). 

Not known 

Petal apot. 

Green lint. 

Not known 

8® 

Not known . ... 



. . 

Corky (comple¬ 

Not known 


t. .. . 

mentary). 

Naked neia (recoa- 
cesaive). 

Not known . 

Naked aeed (domi¬ 
nant). 

Not known. .. 


T . 
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characters as possible, and it was found that the means of many of 
them were intermediate between barlmderue and hirautum. In other 
characters, more especially the time of bursting of the anthers and 
the features of the filaments, the Bourbons differed from both 
tum and barhadense. Genetical studies of crosses between Bourbon and 
Upland have also been conducted by the writer since 1026 and have 
revealed that the genetical differences between these two groups are 
very considerable. The main ones are given in Table 1. 

IfODIFISR COMPLEX DIFFERENCES BETWEEN 
PVRPURA8CENS AND HIRSUTUM 

1. The modifier complexes affecting “crinkled” are completely dif¬ 
ferent in hiraulum and purpuraacem. The gene for “crinkled” of 
harhadenae was transferred to a typical purpurascena (morrilli Cook, 
and Hubbard) by several repeated backcrosses, and then isolated by 
selfing. When crossed with barbadenae crinkled and hirautum crinkled, 
respectively, it gave the following results in Fi: 

(a) purpuroffceiu crinkled XbarbadtffMtf crinkled 

Complicated series of forma from supcrcnnkled to peeudonormal. 

(b) purpuroicent crinkledXhtraulum crinkled 

Complicated aenes of forma from crinkled to peeudonormal. 

The variation in grade of crinkled in the purpuraacena-hirauium 
cross, although very considerable, was rather less than in the 
barbeuienae-hirautum or purpuraacena-barbeuienae series. This set of re¬ 
sults is probably the most important of those yet available in de¬ 
ciding on the taxonomic position of purpuraacena, and indicates such 
a specificity in the crinkled modifier complex as to confirm pur- 
purciacena in its position as a good taxonomic species, perhaps occupy¬ 
ing a position intermediate between barbadenae and hirautum but 
nearer to the latter. 

2. The fact that the petal spot gene S' of purpuraacena becomes 
reduced in intensity and becomes mutable, also indicates differing 
modifier complexes in hirautum and purpuraacena. 

STERILITY IN CROSSES OF PITRPURASCENS AND HIRSUTUM 

Some sterility has been noted in the Ft of purpuraacena-hirautum 
crosses. Such sterility is not to be expected between varieties assigned 
to the same species. 

CHARACTER DIFFERENCES 

Some character differences between purpuraacena and hirautum are 
worthy of note. 
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Cbaraotbb 
Flower shape 

Anthers—time of bunting 
Number of bract teeth 
Leaf shape 
Kidney seed 


PimPDRASOSNB 

Narrow cupUke 

Late 

Few 

Mean L/S* of 2 6 
Known but rare 


* L/S * Length of leaf +length to sinus 


mnauTVM 
Widely expanded 
Eariy 
Many 

L/S about 1 0-1 8 
Not known 


LEAF SHAPE 

There are several allels for leaf-shape in purpurascena. The char¬ 
acteristic broad leaf of hirautum is extremely rare in purpuraacena, be¬ 
ing present in one t}i)e only of 20 standard purpuraacena types se¬ 
lected from widely differing localities. 


BRACT TEETH 


The mean number of bract teeth in purpuraacena varies from 4.0 
to 0.5 with a mean of 6.0 in the 20 types. This character appears to be 
of quite definite significance in purpuraacena. 

Table 2 shows the correlation diagram between leaf shape (L/&- 


TaBLB 2 .—COBRSLATION LlAraHAFB AND NUMBBR Of BrACT TbBTH 
20 Representative Bourbons 
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length 4-length to BinuB), and number of bract teeth in a representar 
tive group of Bourbone. The position of a representative kirnUum is 
marked, from 'which it will be seen that the distribution of all the 
Bourbons is clearly demarcated from kirstUum. 


SUMHART 

Enough has been said to make it evident that the Bourbon group 
is distinct from the Upland group on both morphological and genet- 
ical grounds. In the writer's view, the assemblage of Bourbons is a 
good taxonomic species and is as distinct from Upland as, say, arhor- 
eum is from herbaceum. Bourbon should continue to be known as 0. 
purpuraaeens Poir. pending a better name. 
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ENTOMOLOGY .—Some new epeeiee of Syrphidae (Diptera).^ 
Frank M. Hull, University of Mississippi. (Communicated 
by E. A. Chapin.) 

This paper describes some neotropical Syrphidae, some of which 
were collected by the author at Barro Colorado Island and others ac¬ 
cumulated. Types are in the author's collection. 

MesogrsiniDa lyiata n. sp. 

Maie .—Length 6 mm. Head: Front and face pale yellow, cheeks black, 
antennae wholly pale orange, arista black on apical two-thirds. Vertex violet 
immediately behind the ooelU, brassy brown posteriorly. Thorax: With a 
median, bluish-gray, linear vitta outside of which it is very broadly brassy 
brown. Viewed from the rear there is sublaterally, above the Gamete yel¬ 
low lateral margin, a light brown and then a dark brown vitta. ^twum 
brownish yellow, diffusely darker brown upon the disk, its discal pile pale, 
its marginal pile black, the posterior part of mesopleurae and the upper 
p«rt of stemopleurae pale yellow. Abdomen: Brownish orange, marked wiUi 

> Raoelved June 6, 1940. 
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dark brown. First segment vellow, with a pair of posterior, slender, black 
fascia separated in the middle, not reaching the mdes. Second se^ent with 
a pot^nor, marginalljr evanescent, complete brown fascia, a t^mte evanes¬ 
cent incomplete subbasal fascia which shows traces of connecnon with the 
posterior one. Third segment with a slender subapioid brown fascia curving 
up for a short distance dong the posterior margin, also reaching the posterior 
comer and near the midline turning sharply upward to form a pair of out¬ 
wardly turned, comma-like brown spots. Fourth segment with similar pat¬ 
tern but only the comma-like brown spots apparent. Fifth segnient and 
hypopygium brovmish orange. Le^: Pale yellow, the anterior tarn orange, 
the posterior tarsi brownish, the bnd femora and tibiae with subapical and 
subbasal blackish annulae respectively. Wings: Clear h 3 raline, stigma pale 
yellow. 

Holotyw. —Male. August 30, 1938, Barro Colorado Island (F. M. Hull 
collector). 

Mesogramma baailarls Wd. var. flavocuneus n. var. 

Female .—Length 6 mm. Head: Face yellow, a small obscure blackish spot 
beneath vertex violet; the front flat, smooth, metallic. The sides sharply 
marked with pale yellow almost to the ocelli. Cheeks black, antennae gray¬ 
ish brown, orange below. Thorax: With a wide, metallic gray, median 
vitta and a similar sublateral one. Between these vittae arc others which are 
dark, golden-brown or brassy, and in some lights themselves appear to be 
divided. Scutellum metallic black, the posterior part of the rim narrowly 
yellow. Humeri, the posterior part of mesopleurae, and the upper part of 
stemopleurae yellow. Abdomen: Black marked with yellow, the first seg¬ 
ment largely black, the anterior comers and a narrow anterior margin yd- 
low, second segment black with a pair of small oval yellow spots, rather 
widclv separated in the middle of the segment and a ouite nanrow lateral 
margin reaching nearly to the posterior corners also yellow. Third segment 
with a pair of widely separated yellow basal spots, which on their median 
ends are widely produced in a posterior direction to just past the middle of 
the segment and at the same time slightly curving toward the midline. 
These posterior ends are rounded and the lateral, basal portion of the srot 
reaches to the lateral margin of the segment where it is just a little expanded 
posteriorly. Fourth segment with almost identical pattern, fifth segment 
somewhat similar, the lateral portions wider, the median portion about the 
anmn but the two Bpots more closely approximated. Legs: Pale yellow, the 
anterior tarsi pale brown, the hind tarm and a prominent subapical annulus 
on the hind femora black. Hind tibiae with faint brownish black annulae on 
either side of the middle, Wings: Hyaline, sti^a pale brown. 

Typea. —Holotype and three paratypra: Femmes. Salada River, near 
Ceiba, Spanish Honduras, September 2, 1938 (F. M. Hull collector). One 
additional paratype, female, from Tuxtepec, Mexico, in the U. 8. National 
Museum. 

Baccha flata n. sp. 

Male. —Length 14 mm. Head: Face, cheeks, and front pale yelloir the 
front with a uomboid, blackish spot of some siie in the center, confluent 
with a snudler black spot just before the anteimae and on each siae of which 
are brownish trian^es touching the e^ margins. Pile of front and face erect, 
thick, and blackish, somewhat paler below. Antenirae orange-brown, darker 
upon the upper part of the third joint, antennal pile black. Thorax: With 
four, duUy shining, brassy black vittae upon a brownish-yellow background; 
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the sublateral vittae widest, interrupted at the suture; the submedian vittae 
connected at a spot opposite the suture and giving the impression of a nar¬ 
row H. Between the several vittae the thorax is miden-pollinose. Thoracic 

E ile thick, erect and dark brown, becoming reddish or yellow along the 
iteral margins of the mesonotum. Humeri and practically the whole of the 

g leurae, except for a tin^ spot below the base of the wing,^ light yellow. 

cutellum light yellow with a subtransluccnt, transverse fascia. Abaomen: 
Chiefly brownish orange, flattened and spatulae, the first segment pale yel¬ 
low except for a narrow posterior margin, the second segment with a narrow 
yellow posterior margin and a ^r of prominent, hyahne, rectangular win¬ 
dows in the anterior corners. Third segment wholly orange except for a 
narrow subapical, narrowly attenuated black fascia, interrupted in the 
middle and not reaching the sides. Fourth segment similarly colored. Fifth 
almost wholly orange. Legs: Pale brownish orange, more yellow upon the 
anterior pair. Hind femora with thick, very long, shaggy, reddish pile and 
some black pile at its base and on hind trochanters and coxae. Wings: 
Hyaline, with a sharply marked brown band along the anterior margin. 
Hoiotype. —Male. Petropolis, Brazil, March 1,1014. 

Salpingogaster halcyon n. sp. 

Male .—Length 17 mm. Head: Checks and face and upper part of front 
pale yellow. Greater anterior portion of front is black, expanded triangulitfly 
to the sides and to the rye margin Antennae dark brown, first joint neariy 
black. Thorax: Obscurely shining black with three obscure, dark, reddish- 
brown vittae on the anterior two-thirds, and viewed from behind a more 
or less square area covered with pale yellowish-gray pubescence that is 
rather prominent. Pleurae black. The humeri, propleurae, notopleurae, a 
wide conspicuous oblique cuneiform stripe upon the posterior part of the 
mesopleurae, upper stemopleurao, anterior pteropleurae, and a second spot 
upon the anterior part of the metapleurae all pale yellow. Scutellum pde 
yellow with a transverse brown fascia not reaching the sides in the mi^c. 
Abdomen: Slender, with a pronunent median black vittae from base of 
second segment to apex. First segment pale yellow with a diffuse U^t brown 
posterior margin. The anterior corners of the second se^ent and the narrow 
sides, as well as the somewhat wider sides of the third se^ent are pale 
yellow but diffuse. The apical TOrtion of the sides of the tUrd segment as 
well as the fourth segment reddish brown. Legs: Light yellow, the posterior 
tarsi, apical two-thirds of posterior tibiae, base and apical annulus of hind 
femora obscurely blackish or dark brown. PUe of anterior legs yellow, except 
on fore tarsi; black on the entire hind le^. Wings: Pale brown, stron^py 
yellow on the basal half anteriorly, the stigmal cell very dark brown, the 
marginal cell somewhat lighter brown. 

Hoiotype. —Male, Barro Colorado Island, August 28, 1938 (F. M. Hull 
collector}. 
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ZOOLOGY.— A new species of phyllopod crustacean from Stone Moun¬ 
tain, Oeorgia.^ Edwin P. Crsaser, U. S. Fish and Wildlife Ser¬ 
vice. (Communicated by Wau>o L. Schmitt.) 

On June 8,1939,1 waa informed by Don E. Eyles that certain fairy 
shrimps were occurring in rain pools on the summit of Stone Moun¬ 
tain in DeKalb County, Ga. Mr. Eyles had been requested to be on 
the watch for these crustaceans, as he was studying these pools and 
a few specimens new to science had previously been found at this lo¬ 
cation. Accordingly, on June 9, 1939,1 climbed to the summit of the 
mountain, amid a rain and hail storm, and obtained a fine series of 
these phyllopods. 

These crustaceans inhabited shallow rock pools 3 to 6 feet in di¬ 
ameter with fine silt bottoms, occurring in water not exceeding 4 
inches in depth. They were found in company with a bloodworm (chi- 
ronomid larva?) and a species of Eutimruidia (Phyllopoda: Concho- 
straca), which is possibly also undescribed and which is being studied 
by Prof. J. G. Mackin. These phyllopods prove to belong to the genus 
Chirocephalus, another species of which is widespread throughout 
Europe. The genus has not previously been recorded from North 
America. The species, Chirocephalus lithacus,* is here described for the 
first time. 

Dr. A. S. Pearse very kindly arranged the loan of some microscopic 
equipment needed during the course of this study. 

BRANCHIPODA 
Phyllopoda: Anostraca 
Family CHIROCEPHALIDAE 
Chirocephalus lithacus, new species 

Description. —Male: Total body length of adult, 8.3 to 10.6 mm. Frontal 
appendage rising from middle of head as a single organ, then dividing into 
two similar branches, each branch in turn terminating in two lateral 
branches, one of which is club-shaped and armed at apex with a stout spine 
and studded over entire surface with papillae of probable sensory nature; 
the other branch laminate, with fingerlike weak spines along margins. Each 
branch of frontal appendage about 3 mm long. Clasping antenna ackle- 
B^ped; basal article half len^h of terminal artide. Inner margin of terminal 
article with fine oblique grooves. First antennae shorter than terming 
article of claspii^ antennae. Eyes stalked, with greatest diameter less than 
0.6 mm. Abdominal segments consisting of genital-beaiing segment, 7 post¬ 
genital B^ments, and ceroopods. Cercopods uniformlv tapering, with setae 
of approximately one^ourth total length of oeroopod. Bwimming tqipendages 
with one branehial lamina. 

* Reoelred Jane 5, 1940. 

* ume Mkatui was snigested for this aalnsi by Dr. Carl L. Hubba. Translated 
from the Qiedi, It means of a stony idasa. 
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Femalo: Total body length of adult, 10 5 to 11.1 mm. Frontal appendage 
absent. First antennae about as long as clasping antennae. Clasping an¬ 
tennae flattened, pointed at apex, uniformly rounded on margins. Eyes 
stalked, with grMtest diameter less than 0.6 mm. Ovisac one-half as long 
as abdomen with cercopods excluded. Ovisac rourd-shaped, not uniformlpr 
tapering, with apex turned abruptly toward the abdomen. Cercopoi^ uni¬ 
formly tapering, with setae of approximately one-fourth totfd length of 
cercopod. 

Remarks .—This species may be distinguished from other North American 
phyllopods by the shape and structure of the bilaminato male frontal aji- 
pendage and by the sickle-shaped appearance of the clasping antennae 

Types .—I collected the types of this new species in temporary pools in 
the granite rock on the summit of Stone Mountain, DeKalb County, Ga., 
within 100 yards of the airway beacon, June 0, 1030. They have been de¬ 
posited in the United States National Museum: Holotype male, no. 70204; 
allotype female, no. 70205. 

LITERATURE CITED 
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ZOOLOGY.—Cercaria pricci, a new trematode, with remarks on the 
specific characters of the “Prima" group of XiphtdioceTcariae.^ 
Miriam Rothschild, London, England. (Communicated by 
E. W. Pbicb.) 

It is not an unusual phenomenon to discover several very closely 
related species of larval trematodes parasitizing the same host. Cer~ 
caria pricei n. sp., described in this paper, is the third species of the 
“Prima” subgroup of Cercariae ornatae (Liihe, 1000) to be found in 
the snail Pseudosuccinea columella Say. Although this type of cer¬ 
caria was originally recorded from Europe, almost all the important 
experimental work on their life histories has been carried out in bril¬ 
liant fashion by Krull (1031, 1033) and other workers in the United 
States. 

The individual author’s spelling of host names is used herein. 
Furthermore the generic and specific names of the adult fluke used by 
the author in his description of its cercaria and life history are re¬ 
tained to avoid confusion. 

I should like to express my gratitude to Dr. E. W. Price for his 
kindness in affording me every facility for work during my unexpected 
visit to Washington at the outbreak of the European war, to the Spen- 

> BcoMved Jum 8, 1040, 
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cer Lens Company for lending me superlative miorosoopioal appara¬ 
tus and to Dr. J. P. E. Morrison and Countess Mary Robert! for as¬ 
sisting in the collection of specimens. 

CHARACTBRB OF THE “pRIMA” SUBGROUP 
. OF CBBCARIAB ORNATAE 

Sewell (1022) recognized that certain species of “Ornatae” Xiphi- 
diocercariae formed a compact natural group of which Cercaria prima 
Sinitzin, 1905, was selected as the “type.” Sewell’s definition can be 
emended on several unimportant points. He regarded only the stem 
of the Y-shaped excretory bladder as the bladder proper and de¬ 
scribed the crura as dilatations of the excretory tubes. The subse¬ 
quent development of the bladder in the metacercaria shows that this 
is erroneous. Two species with six pairs of penetration glands have 
also been discovered since 1922. 

McMullen (1937) has shown that the presence or absence of a tail 
fin-fold may not be a character of great importance when forming a 
natural classification within a large group like the Plagiorchioidea. 
With this opinion 1 am in entire agreement. In the matter of tail 
structure and modification or loss of fins there is repeated evidence of 
parallel evolution in distantly related genera within one superfamily.' 
McMullen writes: 

In the cercariae of the frog lung flukes and related forms a mmilar situa¬ 
tion arises. The ccrcariae of these trematodcs ... all have a fin-fold on the 
tail except the cercaria of HapUmetra eylindracea. Here the absence of the 
fin-fold would, in the present clasidfication, eliminate this form from the 
Omatae group of Xiphidiocercariae and thus separate it from closely re¬ 
lated forms. It seems probable, therefore, that the fin-fold of the tiul and 
other such larval modifications are of little more than specific value in the 
Xiphidiocercariae 

However, the adult forms of “Prima” cercariae have all proved to be 
frog lung flukes of the subfamily Haematoloeoinae Freitas and Lent, 
1939 ’ (• Pneumonoecesinae Mehra, 1937). Haplometra eylindracea 
Zeder is not in my opinion closely related to tbis subfamily, and in the 
opinion of Mehra (1937) it pertains to another family altogether. The 
absence of a tail membrane in this cercaria is therefore not considered 
to have any special bearing on the subgroup now under consideration, 
and the presence of a “Prima” type of fin-fold is for the present re¬ 
tained as a diagnostic character. 

• Another tyro of parallel evolution to be found in the tall atnioture of oeroarlae le 
worthy of note. Thi» niay be typified by the giant tails found in unrdated ceroartae 
which are swallowed as free swimming organisms by fish, for example. Psfosfgsr nUidvM 
Linton, 1028(Eohinostomidae) andProfaromsframocrostoma (Faust, 1918) (Asygildae). 
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Fig. 1.—Diagram of Carcoria pricH from ventral aapeot with tail contracted (pene¬ 
tration glanda anown alightly lar^r than In reality. Mg. 2.—Fin-fold under preasure 
of a eoveralip. Fig. 8,—Stylet Fig. 4.—A-F, Diagrama ahowing appearance of ex¬ 
cretory bladder during different atagea of contraction. 
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THU “pboca” buboroup bbwkll, 1922 (bmendxd) 

(1) Difltome Xiphidiocercariae of medium sise in which the acetabulum 
is situated behind the middle of the body lenrth. 

(2) The tail is shorter than the body and is furnished with a dorsovential 
fin-fold in its distal portion; the ventral portion of the fin extends farther 
forward than the dorsal portion. 

(3) The alimentary canal possesses a prephaiynx and a pharynx, and the 
intestinal caeca reach back to a point between the margin of the acetabulum 
and the posterior end of the body. 

(4) Four to six pairs of penetration gland cells are present. 

(5) The excretory bladder is Y-shap^ and does not extend beyond the 
lateral marnns of &e ventral sucker. The main excretory tubes enter the 
bladder at toe extremity of the arms of the Y. They divide into anterolateral 
and posterolateral branches at the level of the ventral sucker. The excretory 
pattern is 2l(l+H-l)+(l-l-H-l)]-12or2((3-|-3+3)+(3+3+3)]-36. 

(6) Development occurs in sm^l unbranched sporocysts. 

(7) The first intermediate hosts are fresh-water gastropod mollusks, and 
the second intermediate hosts are arthropods. 

Thirteen species may with certainty be included in this group: 

Cercaria prima Sinitsin, 1906. 

Cercanae indicae XXIV Sewell, 1922. 

Cercanae indicae XXVIIl Sewell, 1922. 

Cerearta lonpiHyla McCoy, 1929. 

Cercaria prima Dubois, 1^ (nec Sinitsin, 1906). 

Cercaria of Pneutnonoeeee medioplexua (Stafford, 1902) Krull, 1931. 
Cercaria of Pneumobitee parnpUxua (Irwin, 1929) Krull, 1931. 

Cercaria prima Wesenberg-Lund, 1934 (nec Sinitsin, 1906, nec Dubois, 
1929). 

Cercaria of Haematoloechw comvlexm (Seely, 1900) Krull, 1933. 

Cercaria of Oetiolum oxyorchia Angles, 1932) Ingles, 1933. 

Cercana herben McMullen, 1938. 

Cercaria mercharUi Rankin, 1939. 

Cercaria pricn n. sp. 

Of these species C. prima Wesenberg-Lund was examined from a 
crushed snail only, a fact that undoubtedly accounts for the unde¬ 
veloped state of the intestinal caeca. From time to time various spe¬ 
cies such as Cercaria pda Porter, 1938, C. demeneia Porter, 1938, and 
C. laticauda Wesenberg-Lund, 1934, have been erroneously assigned 
to this subgroup. These larvae generally display features that place 
them in Ltihe’s Ceroariae omatae but that exclude them from the 
circumscribed “Prima** subgroup. There are certain other species, 
such as Cercaria orruUa Lutta, 1934 (nee La Valette, 1866), Cercaria 
profenn^Skwortzoff, 1924, and Cercaria prima Ruszkowski, 1926 
(nee Sin&in, 1906), whose exact systematic position must remain 
doubtful until more adequate descriptions are available. 
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BPXCiriC CHARACTBRB OT THS “PBIHA’' BHBOROUP 

Judged from the descriptions by such excellent observers as Krull 
and Sewell it is only a little less difihcult to distinguish between these 
larvae than certain heterophyid, notocotylid, and microphallid cer- 
cariae. Up to a point the same difficulties are encountered as those 
indicated for Opisthorchioidea ceroariae (Rothschild, 1938). Meas¬ 
urements of soft parts can only be regarded as supplementary data, 
although in some oases the discrepancy in sise is so great that it can 
not be due to difference in the technique adopted by individual ob¬ 
servers. Measurement of the stylet is, however, of much importance. 
As in other groups, the relative degree of development ^d transpar¬ 
ency of certain organs, such as sensory setae, cuticulai^l^nes, intes¬ 
tinal caeca, reproductive anlage, etc., are specific differences that do 
not lend themselves well to written descriptions. Perhaps one of the 
most tantalising characters of this type is the relative thickness or 
toughness of the cuticle. The cercaria of Pneutnobitea parvijdexua, for 
example, fragments after a few seconds under a coverslip, whereas 
C, pricei n. sp. remains intact for many hours. This is no doubt an ex¬ 
treme case, but in comparing cercariae almost every worker comes 
across subtle differences of this type that, although very obvious, can 
not be accurately described and at times even defy analysis. 

The number and arrangement of penetration glands can vary spe¬ 
cifically, but as the range is small this may not be very helpful (Table 
1). The ducts apparently can open at the base or the tip of the stylet 
(C. indicae XXVIII, C. indicae XXIV). The shape and color of the 
parthenitae, together with the number of ceroariae maturing simul¬ 
taneously within each sporocyst, also vary specifically, but the age of 
an individual infection and the temperature of the water (Rothschild, 
1935) appear to exert some influence upon these characters. Two dif¬ 
ferent excretory patterns are met with. In one the full complement of 
flame cells found in the adult fluke is already developed, and in the 
other each group is represented by one flame cell only. No more than 
three patterns have b^n completely worked out. The distribution of 
sensory setae may be of much importance, but apparently in many 
cases these structures are not visible to the ordinary observer. Sinit¬ 
sin undoubtedly possessed superior eyesight and described them in 
wonderful detail for nearly all his ceroariae. The accuracy of his ob¬ 
servations is verified from time to time when a species is found in 
which they are more obvious than in others. 
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Specific descnptioDB of “Pnma” cercanae can be based on the fol¬ 
lowing charactenstios 

(1) Siae 

(a) Relative length of body and tail 

(b) Relative sue and position of suokera, pbaiynx,* prephaiynx, and 
esophagus 

(2) Shape and dimensions of stylet (see Table 1) 

(3) Precise extent and shape of caudal fin-^old 

(4) Behavior (see Table 2) 

(a) Time of emergence from the snail host 

(b) Duration of free swimming hfe * 

(c) Iropisms 

(d) Choice of second intermediate host (including negative data) 

(6) Cyst 

(a) Shape (see Dubois, 1020, p 50) 

(b) Sise 

(c) Location 

Supplementary characters 

(6) Excretory pattern 

(7) Number of penetration gland cells 

(8) Distiibution of sensory setae 

(0) Presence of sensory papillae 

(10) Sporocysts 

(a) Shape 

fb) Color 

(c) Number of ceicanae maturing simultaneously withm each 
sporocyst 

It IS probable that these characters are vahd for differentiating be¬ 
tween other subgroups of Cercanae ornatae such as the **Heinilo- 
phura” subgroup These differ essentially from *‘Priina” cercanae m 
the possession of an I-shaped excretory bladder, a fin-fold extendmg 
along the whole or t^ o-tlurds of the ventral side of the tail but not 
along the dorsal side, and elongated *'worm”-shaped sporocysts Van- 
ation in behavior has also been noted The cercana of Maeroderotdes 
lyptcus emerged "in the mid-moming hours and died within a 
few hours" (McMullen, 1935), whereas the cercanae of Haplometrana 
tUahenats, "are shed throughout the day and mght with the greatest 
numbers appearing towards the evening and hved as long as 40 
hours" (Olsen, 1937) 

■ The epnipicuouflly large pharynx of the cercana of OHtolum oxyorehu la alio a 
feature ^ the adult fluke 

* The term ‘^duration of free swimming hfe' I understand to mean the period 
during which the oereana is capable of swimming in the water after natural emission 
from the snail hq|fc^( Rothschild 1038), and not the period dunng which the cercana 
manifeats kaovefllB or “signs of life “ In most instances the latter character does not 
lend ifMlf so mjKib accurate and clear cut comparison (Dubois, 1020), aJthough it is 
useful as sup||^entary data (Wheeler, 1080} 
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Cercarla price!,* n. sp. Figs. 1-4 

DetcripUon *—Xiphidiocercaria of the 'Trima” type, with the characters 
of the group. Measurements in microns (under light pressure of covcrslip): 
Body length 375 to 257, mean 327; width 140 to 107, mean 135. Tail len^h 
232 to IM, mean 200; width 40 to 41, mean 45. Fin 41 long vcntrally, 22 
dorsally; maximum width 17. Oral sucker 68 by 68 to 61 by 51, ventral 
sucker 44 by 61 to 31 by 41. Pharynx 25 by 22, prepharynx length 11.9 to 
16.3; esophagus length 25. Stylet 30 to 40 by 4.2 to 6.1. Sporocyst (maxi¬ 
mum) 240 by 124. 

Body regularly oval in outline. Tail when extended two-thirds length of 
body, when contracted one-half length of body. Ventral sucker slightly 
more than half diameter of oral sucker, situatea somewhat less than two- 
thirds of body length from anterior extremity. Esophagus short, barely 
longer than p^rynx. Intestinal caeca well developed Five pairs of penetra¬ 
tion gland cells of which the posterior three pairs are coarsely granular, 
slightly larger, and dorsal to the two anterior pairs. Ducts of glands arranged 
in two mups opening near anterior extremity of stvlet. Crura of bladder 
not reading posterior border of ventral sucker. Cuticle faintly rugose, with¬ 
out spines or sensory tubercles. Two rows of long sensory setae along 
lateral edges of body, arranged as in C. 'pnma. Parthonitae stumpy, sausage- 
sbaped, p^e yellow; one to two cercariae maturing simultaneoudy within 
each sporocyst. 

Behavior, —The cercariae emerge throughout the day, the length of free 
swimming life being nine hours in tap water at room temperature. 

No phototropic responses. 

First irUermediate host,—Peeudomecinea columella Say. 

Locality and date of collection. —Shaw Lily Gardens, Washington, D. C., 
September-October, 1939. 

Remarke,—Cercaria pneet most closely resembles the Cercarla of 
Haematoloechus complexua described by Krull and Cercaria merchanii de¬ 
scribed by Rankin, both from the same host It can be separated from the 
former by its much greater size, number and arrangement of sensory setae, 
the relatively shorter prepharynx, and greater distance between the fork 
of the intestine and the ventral sucker. In C. merchanii the forks of the 
Y-shaped bladder extend to the lateral borders of the acetabulum; the 
long sensory setae are absent but sensory tubercles are present around the 
oral sucker; the stylet is narrower in comparison with its length; and there 
are also differences in behavior (see Table 2). 

One of the most striking features of C. pneei is the periodic contractions 
of the bladder. First the cavity of the stem is obliterated and then the 
branches of the Y. This curious phenomenon is not mentioned by either 
Krull or Rankin, but Ingles (1933) has noted it for the Cerenna of Ostiolum 
oxyorchie, and Miller (1935) and Dubois (1929) record it for ^Tolyadena” 
cercariae. Krull’s drawing of the bladder of the Cercaria of H. complexue 
does not entirely agree with the description, and in fact the bladder figured 
for Cercaria tricyetiea Miller, 1936, C. heheiica V Dubois, etc., more closely 

■ Named for Dr. E. W. Pri^ of the U. 8. Bureau of Animal Industry, In honor of 
his many contributions to our Kiowledge of the Trematoda. 
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reaemblos that of C, prieei than several of those fiipired for “Prima” 
cercariae! 

It has already been mentioned that the ducts of the penetration glands 
are arranged in bundles They are so closely approximate that anterior to 
the esophagus there appear to be only two ducts and two apertures on each 
ride. It sometimes happens that one of the posterior pairs of i^ands, which 
are situated dorsally, presents the finely granular appearance oharacteiistio 
of the anterior vcntrally situated pairs (see also Sewell, 1922, p. 222). A 
large spherical nucleus and prominent nucleolus are conspicuous in each 
penetration gland cell. 

Unlike C. merchanti, C. prieei does not collect on the lighted ride of the 
vessel and in fact shows no phototactic responses whatsoever. At times it 
manifests a definite tendency to accumulate near the surface. At other times, 
however, the cerceriae remain distributed at all levels of the water or segre¬ 
gate in the lower levels. It seems probable that the nature of their geotropio 
response is correlated with temperature changes as suggested by Krull 
(1931) for cercariae of P. medioplexua and P. parmplexue C prieei swims 
continuously from the time of emergence, with occarional momentary pauses 
when the body is suddenly extended horisontally. There is also a slight tend¬ 
ency to swarm around small objects in the water, particularly the snail 
host, but this again seems to depend on certain unknown factors, as it is 
manifested on some days and not on others. 

One very peculiar habit is typical of this ccrcaria. A fairly large number 
were kept in glass tumblers, and while swimming they quite frequently came 
into contact with the rides of the vessel. They then attached themselves 
and crawled about on the glass by the usual "leeching” movements. At 
death they did not drop off and fall to the bottom of the container but be¬ 
came fully extended and remained flattened against the glass like a scries of 
permanent preparations. Wator beetles, dragonfly nymphs, and other insect 
larvae were fished from the same pond and introduced into the jars with the 
cercariae, but penetration was not observed. 

EFFBCT ON THB 8NAU. HOST 

The effect of trematode parasites on the ultimate sise and growth 
rate of the moUuscan host and the shape of its shell is probably far 
more universal than is generally recognised. Kelly (1899) apparently 
first drew attention to this phenomenon in the United States when 
he recorded change of shell shape in Unionidae due to castration by 
Bueephalua cercariae. He writes: 

Ftom the shape of the shells eight of these thirty-one individuals Onfeoted 
with eereariae) were pronounced males and two females. Others, also beloi^- 
ing to species in which the shells of the two sexes are normally cnaraoteristic, 
had shols^ such shape as to render the sex problematical and to suggest 
that infedlS'tion by Biteephahu or other ceroanae, when early aequiredand 
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long continued, may so alter the form of the shell of the female as to cause 
it to resemble that of the male or, if acquired later, may produce an inter¬ 
mediate form. 

Rankin (1030) found slight abnormalities of the shell of Paeudo- 
atuxinea columella infected with echinostome cercariae, but "little or 
no effect on the snail host from infection with Xiphidiocercariae was 
observed.” 

The snails hal'boring C. pricei n. sp. were collected from a tiny iso¬ 
lated pond about 4 by 3 feet, the surface of which was entirely cov¬ 
ered with vegetation. A certain number of relatively large specimens 
of P, columella were found resting on the upper side of waterlily 
leaves, exposed to direct sunshine even during the hottest period of 
the day (100° F. in the shade). All these proved to be infected with 
Xiphidiocercariae. No uninfected snails were found in this unpro¬ 
tected situation; there was thus a marked difference in the behavior 
of parasitized snails. 

It is believed that all the mollusks* present in this pond were col¬ 
lected and examined. Only those that could have passed through a 
fine-mesh sieve might have escaped notice. The mean height of un¬ 
infected P. columella was 3 mm, the maximum size being 4 nun. In¬ 
fected specimens reached 10 mm in height, with a mean of 0.75 mm. 
It is not suggested that parasitism is responsible for this great con¬ 
trast in size, but it might well prove a contributing factor. Without a 
fairly prolonged study of the snail population of any given area it 
would be impossible to come to any definite conclusion on this point. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 


THE ACADEMY 


3618T MEETING Or THE BOARD Or MANAOERB 


Tho 36l8t meeting of the Board of Managers was held at the Cosmos Club 
on Friday, May 24,1940. There were 20 present as follows: 


K 0. CaiTTSNDBN 
F. D. Rosuni 
F. C. Kracsr 
H. S. Rapputb 
J. H. Hxbbbm 
Q. Snitma 
F. Mi SniLSB 


A. T. MoPbbbson 
A. WamoBB 
C. Thom 
W. A. Datton 
P. C. Whitnbt 
Hi L. Cvbtib 
W. Rambbbo 


B. W. Pbiob 

B. R. Spbnobb 

C. L. Oabbbb 
C. L. Oaiin 
W. W. Dibbl 

and by InvitBtlon 
J. H. Kbmpton 


Acting upon instructions from the Board, President Crittenden appointed 
the following oommittees; 

(1) To consider societies qualified for aflUiation with the Academy: 
F. M. SeTileb, chairman; R E. Gibson and R. R. Spencer, members. 
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(2) On awards for scientific achievement: A. H. Ciakk, general chair¬ 
man; Physical Sciences, O. R. Wuur, churman; Engineering Sciences, 
F. M. DxvAirooBr, chairman; Biolopcal Sciences, A. H. Clabk, chairman. 
The other members of these committees are to be apjminted later. 

ra) To conserve the archives of the Academy: N. R. Smith, chairman; 
F. D. Rossini, member. 

The following persons, whose names were presented to the Board by the 
Committee on Membership, were elected to membeiship: 

Be«tdent Meynibera 

Olat Sverbb Aahodt, principal agronomist, in charge of the Division of 
Forage Crops and Diseases, U. S. Bureau of Plant Industiy, in recognition 
of his work on cereal pathology, particularly with respect to breeding for 
disease resistance, and also of his studies on forage grasses and legumes. 

Jambs Kbnnbth Ableitbr, senior soil technologist. Division of Soil Sur¬ 
vey, U. S. Bureau of Plant Industry, in recognition of bis work in land-use 
planning and in productivity rating of mineral soils. 

Chaslbs Walter Bacon, physiologist. Division of Tobacco and Plant 
Nutrition, U. S. Bureau of Plant Industry, in recognition of his contributions 
to various aspects of the physiology of tobacco plants, nutrition, etc. 

Mark Baldwin, semor soil scientist. Division of Soil Survev, U. S. 
Bureau of Plant Industry, in rccontition of his outstanding work on the 
generis and clasrification of soils and on the coordination of federal and state 
soil surveys. 

Edward Eastman Clayton, senior physiologist. Division of Tobacco 
and Plant Nutrition, U. S. Bureau of Plant Industiy, in recognition of his 
contributions on the diseases of tobacco and other plants. 

Paul Sydney Conger, research associate, Camede Institution of Wash¬ 
ington, and custodian of diatoms, U. S. National Museum, in recognition 
of his studies on diatoms and their economic use and his discovery of im¬ 
portant commercial deposits of diatoms in Wisconsin. 

Henry Trendlby Dean, dental surgeon. Division of Infectious Diseases, 
National Institute of Health, in recognition of his work on the relationship 
of fluorine to dental caries. 

Samuel Leonard Ehsweller, principal horticulturist, in charge of Flori¬ 
culture and Ornamental Horticulture Plant Investigations, Division of Fruit 
and Ve^table Crops and Diseases, U. 8. Bureau of Plant Industry, in 
recognition of his contributions to horticulture and the cytology and genetics 
of ornamental plants. 

Earl Stbintord Johnston, asristant director. Division of Radiation and 
Organisms, Smithsonian Institution, in recognition of his studies on radiation 
in connection with plant life. 

Charles Edwin Kellogg, principal soil scientist and chief of the Di- 
virion of Soil Survey, U. S. Bureau of Plant Industry, in recognition of his 
work on the generis and classification of soils and on rural land-use plan- 
ning. 

Constantin Nikieoroft, soil scientist. Divirion of Soil Survey, U. S. 
Bureau of Plant Industry, in recognition of his work on dynamic processes 
in soils, on froien soils of Siberia, on desert types of soil forniation, and on 
the great soil lones of western North America. 

Qlbnn Lane Parker, chief hydraulic engineer and chief of the Water 
Resources Branch, U. S. Geological Survey, in recognition of his work in 
^drology, particularly on water power and snow surveys in the Cascades 
and on water resources as related to placer mining. 
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EnoaNB ALfBBD SiaoLBR, pathologist, Diviaioa of Fruit and Vegetable 
Crops and Diseases. U. 8. Bureau of Plant Industry, in recognition of his 
contributions to phytopathology, particulariy his researches on crown 
gall. 

James Thorp^ soil scientist, Division of Soil Survey, U. S. Bureau of 
Plant Industry, in recognition of his work on the study and classification of 
the soils of China. 

Jacob Osborn Wars, senior agronomist, Division of Cotton and other 
fiber Crops and Diraases, U. S. Bureau of Plant Industry, in recognition 
of his work in cotton breeding and genetics and his contributions to agron¬ 
omy. 

Nonreaident Memben 

Eubanks Carbneb, senior pathologist^ Division of Su^ Plant Investi^ 
tions, U. S. Bureau of Plant Industry, Riverside, Calif., in recognition of his 
work in the field of virus diseases in plants. 

John Nathaniel Couch, professor of botany, University of North 
Carolina, Chapel Hill, N. C., in recognition of his contributions to mycology, 
particularly on the genus Septabasidium. 

Cordon Enoch Oates, professor of biology and head of the Department 
of Biology, Judson College, Rangoon, Burma, India, in recognition of his 
special researches on terrestrial oligochaetes. 

Moses Ben Naphtali Levine, pathologist. Cereal Disease Investiga¬ 
tions, U. S. Bureau of Plant Industry, University Farm, St. Paul, Minn., 
in recognition of his work on cereal rusts and smuts, on physiologio special¬ 
isation and genenc nature of rust pathogenes, and on environment and pre¬ 
disposition of grain crops. 

Maurice Blood Linford, pathologist. Experiment Station, Pineapple 
Producers Cooperative Association, Honolulu, Hawaii, in recognition of his 
work in plant patholo^, especially his studies on diseases of peas and pine¬ 
apples, on plant-parasitic nematodes, on nematode biology and populations, 
and on natural enemies of nematodes. 

Arthur Sperry Pearse, professor of soology, Duke University, Durham, 
N. C., in recognition of his researches in soology and ecology. 

Lowell Fits Randolph, diief in research. New York Experiment Sta¬ 
tion, Geneva, N. Y., in recognition of his work in cytology of chlorophyll 
tyros in maise, morphology of developing kernel in maise, chromosomes in 
maisc and related genera, and induced polyploidy in maise and other plants. 

William Jacob Robbins, director^ New York Botanic Garden, and pro¬ 
fessor of botany, Columbia University, New York, N Y., in recognition 
of his work on plant nutrition, on ensyme secretion by fungi, on tissue cul¬ 
ture with higher plants, and on growth substances. 

Elvin Charles Stakman, professor of plant patholo^. University of 
Minnesota and a|;ent of the U. S. Department of Agriculture, University 
Farm, St. Paul, Minn., in recognition of his contributions to phytopathology 
particularly on rust diseases of cereals. 

James Zbtek, associate entomologist, U. S. Bureau of Entomology and 
Plant QuiMntine, and director, Batro Colorado Island Biological Labora¬ 
tory, Institute for Research in Tropical America, Balboa, Cuial Zone, in 
recognition of his researches in entomology, his services as a consultant in 
entomology to certain Latin-American republics, and his management of the 
Barro Cwrado Island Laboratoiy. 

PercwVbite Zimmerman, plant phymologist, Boyce Thompson Insti¬ 
tute for nant Research, Yonkers, N. Y., in recognition of his work in ifiant 
phytiology. 
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The Committee on Revision of the Bylaws, H. L. Cubtis, chairman, 
C. Thou and P, C. Whitnbt, members, recommended the following state¬ 
ment on the ballot to be issued on the restoration of the offices of nonresident 
vice-presidents; 

In December 1089 the Academy adopted certain amendments to its bylaws, one 
group of which had for its purpose the elimination of the two nonresident vice-presi¬ 
dents of the Academy The section of the bylaws dealing with amendments provides 
that any three members of the Academy can propose an amendment and that the 
Board of Managers shall submit this proposal to the members before the next annual 
meeting. The Board received a petition on January 17, 1940, signed by six members, 
proposing changes to the newly adopted bylaws, the purpose of which is to restore the 
two non-reeident vice-presidents Petitioners claim that the provision of two non¬ 
resident vice-presidents as members of the Board of Managers is a proper representa¬ 
tion of the nonresident members of the Academy As required by the bylaws, the 
Board of Managers submits the following to the Academy for action: 

Amend Article 2, Section 1, by inserting in the fourth line, ''and two vice-presidents 
chosen from nonresident members." Article 2, Section 3, insert "resident" before vice- 
president m the fifth line Article 6, Section 1, insert in the fifth line after the word 
president "two persons for the nonresident vice-presidents " 

In favor of amendment - 

Opposed to amendment- 

To be valid, all ballots must bo received by the Secretary within two weeks from 
date at which they were mailed 

It was moved and carried that this proposed amendment, with the pre¬ 
ceding statement of explanation, be submitted for balloting by letter to the 
members of the Academy at the time of the distribution of the notices for 
the next regular meeting of the Academy. 

The Corresponding ^cretary announced the following deaths: 

Cyhvb Adlkr 
Thomas A. Groover 

The Board adjourned at 9:42 p.m. 


BOTANICAL SOCIETY 

296th meetino 

The 296th regular meeting was held in the assembly hall of the Cosmos 
Club, February 7,1939, President Charles Thom presiding; attendance 96. 
K. D. Doak, Haig Dermbn, and Daniel Ready were elected to member¬ 
ship. 

Notes and revievas. —M. B. Waite called attention to the winter injury 
that had occurred on the bamboos growing near the Henderson castle and 
also on Japanese honeyeuckle. He believed this was due to the weather at 
Thanksgiving time when, after a heavy rain, the temjMrature fell to I?” fol¬ 
lowed by snow and sleet. He also displi^yed a very old book, Twiute's Early 
western travels, vol. 3, 1748-1846, wnicn contains “The Tnvels of Andr4 
Miohaux.” 

Program. —O. F. Oravatt: Effect of eyidemie tree dteeasee on the food eup- 
fdiee of anitnale Onntem).—Chestnut blij^ht, Phytophthora root rot of Cae- 
tanea species. Cephaloeponum wilt of pernmmoQ, a nectria disease of beech, 
and wulow oiseases, which threaten American forests and woodlands, are 
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examplee of rapidly spreadiiu, suppomdly introduced dueasee that reduce 
materieJly fooo Bupphes of wildlife. DiaeaseB reducing winter foods are most 
serious. One minor objective of the chestnut breeding and selection program 
is a strain combining small nuts, productiveness, and resistance to blight, 
which has destroyed nearly all commercial chestnut mwth. Species that re¬ 
place those killed may supply considerably less wilmife food. Even though 
white-pine seeds are not of outstanding value as wildlife food, the introduced 
white-pine blister rpst has changed the food habits of some wildlife. When 
food is scarce some animals eat the young blister rust cankers ;^and other 
wildlife probably find species replacing Htbes eradicated to protect white 
pines no less valuable as sources of summer food. Diseases that do not kill 
whole trees may also decrease the food supply of wildlife. Probably our for¬ 
ests have so far been exposed to relatively few of the tree-disease organisms 
of other continents. 

Father Arthbnu du Tilly: Botanical exploration in the Canadian Aretica 
(lantern).—Father du Tilly paid a tribute of admiration and gratitude to 
his predecessors in the exploration and conquest of the Arctic. Touching 
rapidly on the habitat of the Eskimos, he gave more consideration to the 
Arctic flora, showing its supreme importance in the life of men and animals, 
since both live mainly on plants. He compared this vegetation to that of the 
deserts and explained their physiognomic differences by conditions incident 
to sunlight, water, wind and snow. He told of the edible roots and berries, 
the medicinal properties of the greens, the different lichens used as fuel or 
food and fodder for animals; also of plants which by their variety and rich¬ 
ness of coloring adorn the Boreal world. In concluding. Father no Tilly ex¬ 
pressed the wish that more scientists may continue in the footsteps of those 
pioneers in the discovery of the treasures of the polar regions. 

296th uebtino 

The 296th regular meeting was held in the assembly hall of the Cosmos 
Club, March 7, 1939, President Charles Thom pMUding; attendance 90. 
Fred A. AbeoO, Carl 0. Grasbl, R. A,4HrEiNOBBBO, and Josephine 
Ross were elected to membership. 

NoUi and revmoa. —M. B. Waite showed some specimens of a rare moss, 
Buxbaumta aphylla, which he and A. V. Smith collected on his farm near the 
Patuxent River in Maryland. 

Program — Dorothy Blaisdell: Variability atudiee in the tomato Fu- 
sarium vnlt organism; cultural atudies. —Thirty geographical strains of Fu~ 
aanum bulbigenum var. lyeopersiei were collected from widely separate regions 
of the United States. These were grown on many different types of solid, 
liquid and tissue media to determine range of vanability, and constancy of 
cultural characters. The larpiest number of isolates were divided into two 
main cultural types: the white, raised sclerotoid forms (RS), and the vina- 
ceous purple, sumy, appressed form (A). Types intervening between these 
oocurrra: a ^up with dark undennats covered with coarse water-soaked 
mycelium of intermediate raised appsrance (IR), and an intermediate ap- 
pressed group with dark undermats having light fibrilous aerial growth (lA). 
A raised tym was also found (R) smiilsr to RS but without sclerotia and 
of more stable character. The raised and appressed strains could easily be 
distinguished on all types of media. 

Sectors often appeared in the RS forms. Transfers from these yielded the 
appr oas^ , slimy forms or intermediate types. Sin^e snoring of the raised 
sclerotoid forms also yielded both appressed and raised types. 
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F. L. WmjiMAN: Variability atiuliee tn ike tomato Fucarium vntt organim; 
patlu^enieiiy Hudiea (lantern).—Studies of 30 tomato wilt Fiuaritm isolates 
obtfuned from diverse repons of the United States showed all, except one, 
to be Ftuarium bulb^enum vsr. lycopentci. These cultures were readdy 
separable on the basis of growth appearances into five types, which were 
found to be correlated with pathogenicity variations obmrved on tomato 
varieties susoeptiblef tolerant, and resistant to Fuearium wilt. 

Cultures with raised (R) light-colored mycelium were most virulent; 
raised ty]m with sclerotial-Iike bodies (RS) were erratic but next in patho¬ 
genicity; intermediate raised (IR) types were somewhat lower in patho¬ 
genicity; intermediate appressed (IA) were next to the least pathogenic 
type; and the dark colored completely appressed (A) cultures with no aerial 
mycelium were the least effective pathogenically. Data frominfectionstudies 
on the three tomato varieties showed marked divergences in intensity of 
pathogenic effects due to differences in relative disease resistance. 

C. O. Eklanson: The first South American Meeting of Botameta, October 
lg-19, 1988. 

Ernst J. Schheineb: Forest tree breeding (lantern). 

297th MBETINO 

The annual banquet and 297th meeting of the Botanical Society was held 
in the Italian Garden of the Mayflower Hotel, April 4,1939, attendance 125. 

Program. —Ira N. Gabrielbon: Western American alpine plants (lantern). 
—A discussion of personal experiences in seeking out and photographing 
alpine plants in many western mountain areas. The Olympics, Siskiyous, 
Cascades, Blue Mountains, and several desert ranges in southeastern Ore¬ 
gon were the principal areas visited. It is necessary to make many seasonal 
tripe into each area in order to find the flowers at their best General floras 
at or near timberline are strikingly similar, but in many ranges distinct and 
often beautiful forms and species have been developed. The Siskiyous and 
Olympics are particularly rich in localised species. 

298th meeting 

The 298th regular meeting was held in the assembly hall of the Cosmos 
Club, May 2, 1939, President Charles Thom presiding; attendance 110. 

Notes and reviews. — John A Stevenson called attention to his observa¬ 
tion of squirrels cutting off elm leaves and twigs at the rate of 4 a minute. 
They were also cutting off seed pods. 

M. B. Waite displayed a muss protonema that he had found growing in 
abundance on mund in which {lotatocH had grown. The ground had been 
ban in November and now was covered with this moss protonema. 

Program. —W. A. Abcher: Indian medicinal plants tn Nevada. 

H. L. Crane; Tung-oU industry in the SouUi. 

joint meeting 

A joint meeting of the Botanical Society and the Biologiral Society was 
held in the assembly hall of the Cosmos Club, April 14, 1939, President 
Cbarlbb Thom presiding; attendance 200. 

Program. —Lon Jotter: A botanical trip down the Colorado River by boat 
from Oreenriver, Utah, through the Grand Canyon, to Boulder City, Nevada, 
August 1998. 
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SPECIAL ICBBTTNO 

A Hpecial meeting was held in the aafiembly hall of the Cosmos Club, 
September 26, 1030, President Charles Thom presiding; attendance 110. 

Program .— A. H. Reqinald Buller : The sexual vroceas in the rust fungi 
(lantern and models).—In long-cvcled heteroecious fieterothallic rust fungi, 
e.g., Pueciniagramtnte, the sexual process may be initiated in two different 
wa^l (1) In compound pustules where a (+) mycelium derived from a (+) 
basidiospore has fused with a ( —) mycelium derived from a (—) basidio- 
spore. by an exchange of nuclei, (+) nuclei traveling through the (—) 
mycelium to the ( —) proto-aecidia and (—) nuclei traveling through the 
(■+■) mycelium to the (+) proto-aecidia; and (2) where (-H) and (—) pustules 
are widely separated from one another so that compound pustules cannot be 
formed, by insects conveying (+) pycnidiospores from (H-) pustules to 
( —) pustules and (—) pycnidiospores from (—) pustules to {-h) pustules, 
then by (-(-) pycnidiospores fusing with (—) flexuous hyphae and (—) 
pycnidiospores fusing with (-b) flexuous hyphae and, finally, by the nuclei 
of the pycnidiospores traveling down flexuous hrahae to the proto-aecidia 
Flexuous hyphae arc special hyphae projecting beyond the periphysm into 
the drop of nectar that is exuded from the ostiole of every active pycnidium. 

299th mbbtino 

The 299th regular meeting was held in the assembly hall of the Cosmos 
Club, October 3,1939, President Charles Thom presiding; attendance 100. 
Olaf 8. Aaomdt was elected to membership. 

Notes and reviews .—M. B. Waite exhibited a moss, Webera eesstlis, which 
he found growing near Patuxent, Md. It does not have any stem and is 
about one-fifth the sise of a kernel of wheat and is commonly called “powder 
gun.” He also displayed a plant, Oldlandxa untjlora, which he found growing 
at the Horticultural Station at Beltsville, Md. It is related to the common 
spring bluet. He also called attention to a Bartram’s oak (Quercus hetero- 
JUia), which is growing at Twelfth and C Streets, SW., Wasiungton, D. C. 
J. B. S. Norton stated there was a Bartram’s oak on the Boulevard near 
Riverdalc, Md. 

Program. —8. F. Blake: Early Amenean botamats, John Bannister (1650- 
169S)f John dayton (1688-1776), Humphrey Marshall (1786-1801 ).—John 
Bannister, bom in England, visited the West Indies ana settled in Virginis 
in 1678. He collected plants and animals and published several papers on 
these subjects. His most important botanical work is his list of about 147 
Virginia plants, published in Ra^’s Hiatoria planiarum in 1698. John Clay¬ 
ton, born in England came to Virginia in 1706 and was assistant clerk and 
clerk of Gloster County for over 60 years. His extensive botanical collection 
from Tidewater Virginia were the foundation of Qronovius’s Flora Vtrgtnica 
(1730-1743). the most important sinj^e basis for North American species 
in Linnaeus’s Species plantarum. Humphrey Marshall, a cousin of John 
Bartram, was bom and lived all his life in eastern Penn^lvania. He estab¬ 
lished a private botanical garden, and published his Arbustrum Anurieanum 
in 1786. This was the first work on United States botany published in the 
United States. 

M. Thomas Bartram: An early Amertean botani^ John Bartram 1699- 
1777. —John Bartram^ grandson of a colonist under mlliam Penn, can bmt 
be deecnbed as a plain farmer poesessinf; only a country school education 
BuppleoMnted by wide reading in phymes and medicine. His interest in 
botany was acquired while stiU in his twenties, and his knowledge of the 
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Bul^ect WM self-tau^t through exteiurive correspondence with American 
and European botanists, and the reading of the contributions of Unnaeus 
and others. His garden of native plants and shrubs, started in 1731 and in 
existence today, is recorded as the earliest in America and served as a source 
for the shipment of all types of botanical specimens to subscribers in Europe. 
The revenue derived from this activity supported extensive explorations 
from "New England to Florida; and from the sea coast to Lake Ontario and 
branches of the Ohio.” In 1765 he was appointed "Botanist to the King” 
and commissioned to explore Florida and the St. John River. 

Robirt F. Martin: An early Amertean botaniai, Thomas Walter 1740t- 
1789. 

300 th mebtino 

The 300th regular meeting preceded by an informal dinner at Hogate’s 
Restaurant, was held at the restaurant, 8:30 pu., November 7, 1939; 
attendance 150. 

Notes and reviews.—M. B. Waite as master of ceremonies briefly remi¬ 
nisced about the early botanists of the society as their pictures were shown 
on the screen. 

Program. —C Stuart G aqer : How botany advances —This address stressed 
the importance for the advancement of botany, and of science in general, 
of strict adherence to the scientific method, and illustrated the errors ana 
the absurdities into which students of plant life have been led by failure to 
employ what is now generally recognised as "the method of science.” These 
illustiations were drawn from the writinm of Aristotle (384-322 b c.), 
Caesalpino (1683), Oken, the "physio-philosopher” (1809), Nicolaus of 
Cusa (1514), Van Helmont (1648), Gerard (1597), Parkinson (1640), and 
others. 

In addition to the more commonly recognised steps of scientific method 
(observation, experiment, the formulation and testing of hsrpotheises), the 
the speaker emphasised the importance of another factor less often stressed, 
namely, what been called the "divination” or "revelation” of the solu¬ 
tion of scientific problems, which Lord Kelvin described as characterising 
his own process. The contrast was also noted between Darwin’s statement of 
his procedure, from facts to concept (natural selection), and de Vries’s state¬ 
ment of his procedure, namely, from concept (intracellular panmnesis) to 
observation of facts and finally the formulation of the generausation of 
mutation. Alice M. Andersen, Recording Secretary. 

^Utuarp 

Thomas Allen Groover, phj^cian and radiologist, died on April 20, 
1940, from x-ray injuries dating from the early d^s of his investigations. 

Dr. Groover was bom at Pidfcock in southern Georgia on May 1,1877, a 
son of Thomas Alfred and Sarah Jane (Joiner) Groover. His father, a farmer, 
was a Confederate soldier during the Civil War and had lost an arm in 
action. Dr. Groover received his early education in the jiublic schools of 
Brooks County, Ga. Because of financial considerations it did not seem 
possible for him to continue his education, but through the good offices of 
the Hon. Hoke Smith, of Georgia, Secretary of the Interior in President 
Cleveland’s Cabinet, he was appointed assistant messenger in the Depart¬ 
ment of the Interior. 'He came to Washington in 1893 and resided here the 
remainder of his life. In 1894 he entered the Medical Department of Colum- 
University, later George Washington University, and graduated in 
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1898. In 1926 hie alma mater oonfened upon him the depee of doetor of 
(science. After intemdup at the Garfidd Memorial Ho^tal he waa appointed 
phyridan with the Isthmian Cand Commission and in that eapaeity spent 
the next year in ^caramia. 

He returned to Washington in 1900 and entered the jpneral practice of 
medidne. At the same time he began x-ray work at the Osntral Dupensa^ 
and Emergency Hospital. Althou^ he did not conmletely spedaliie in 
radiology until 1912, he was activdy engaged in that Add from 1900 up to 
within three months of ins death. It was in those eariy dasrs from 1900 to 
about 1904 or 1905 that he suffered the injuries to his hands that resulted 
in amputation through the left forearm in 1926 and to final involvement of 
the ri^t axilla and lung, which cost him his life. 

Dr, Groover was closely assodated with the sdentific progress and the 
orgamsational development of radiology in this country. He made numerous 
contributions to the literature and waa always interested and quietly helpful 
in everything that affected the welfare of the ^dalty he loved. He was 
insistent, however, that the radiolodst is primarily a physician, and as such 
he alwap^ established a personal relationship with every patient who came 
under his care. 


Dr. Groover’s work as a practicii^ radiologist was characterised by the 
utmost painstaking care and attention to de^. He not only required the 
best possible techmcal work but spared no time or personal effort to arrive 
at a correct interpretation and final diagnods. He had developed in himself 
to a very high degrm those qualities that are indispensable in the good 
physician, accuracy in observation and a keen sense of relative values. He 
was a diamostician of unusual ability. In manner Dr. Groover was quiet and 
reserved.^ing of a very studious habit, he made it a rule to spend at least 
one hour a day in reading medical literature. He had great oualities both of 
mind and heart that were unusual and outstanding. His aoility as an or- 
ganiror and executive was recognised. His careful, methodical attention ta 
all the details of bookkeepiM, records, and management liud the foundatio# 
for his professional work. He always looked upon business arrangements, 
howeve^ as a means to more important ends. He was first and last a phy¬ 
sician. Even radiolo^, in every branch of which he was proficient, he in¬ 
sisted must always be looked upon as an integral part of general medical 
practice. His outstanding mental characteristics were patience and a neat 
capacity for methodical, painstaking care in every diagnostic and toera- 
peutio procedure. His dominant moral characteristic was a keen sense of 
justice, right, and fair dealing. He had an unfailing patience in compromising 


differences of opinion among his associates, a sane judgment in amviim at 
important decisions, and above all, a kindly, tolerant charity toward all 
with whom he could not agree. He will be gmtiy missed 1^ his close associ¬ 
ates who were accustomM to call upon mm idmost dailjr for his hripful 
counsel, and his loss will be keenly fwt in many organisations in wtddi his 
advice waa highly valued. His death adds another martn to the long roll of 
those who have sacrificed their lives in the interests of stience ahd humanity. 

Dr. Choover was a member of the following ornmsations: The Washii^- 
ton Aeddenw of Sciences (vice-prerident, 1926); toe Medical Society of toe 
District of Columbia 0>nsidrat, 1926) ; the American Medical Aasodatira 
ffellow)^ the Amerioan College of Physicians (feUowUtiie Southern Medical 
Assodation (vice-preddeni, 1924): the American Bpentgen Ray Sodefy 
(president, 1925);titoRadiologiealBodetyofHoith America; and toe Amen- 
can College of Rmfiology (fellow), in which he served both as president and 
as ohanMlor. 
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BIOCHEMISTRY.— The bacterioetaiic and (he bactericidal action of 
certain organic ndphur compounded Edward L. Evbritt and 
M. X. Sullivan, Georgetown University. 

For a number of years in the field of chemotherapy investigations 
have been carried on relative to the treatment of various infections 
of man by certain chemicals. The importance of the use of chemical 
substances lies in the possibility of checking or destroying the invad¬ 
ing organisms, or in offsetting the products of the activity of the or¬ 
ganisms in question. Since many compounds having funipcidal or 
bactericidal properties are harmful to the body tissues, veiy few 
chemical compounds have been found useful for internal application, 
such as Injection into muscles or directly into the blood stream. 

Within the past few years, however, several compounds have been 
discovered that are of value in the treatment of pneumonia and of 
certain streptococcic infections. Thus, Rosenthal (1934) investigated 
the action of sodium formaldehyde sulphoxylate on virulent pneu¬ 
mococci and found it effective against one strain of the organism 
among the 32 strains studied with mice. The sulphoi^late, as the 
complex is called, was injected into mice inoculated with the particu¬ 
lar strain of pneumococci under investigation. In contrast to its 
effectivenoss in mice was the fact that in vitro tests showed that the 
compound had little if any bactericidal or bacteriostatic action. Do¬ 
me^ (1936) in Germany then announced a discovery that has 
revived chemotherapeutic research. He found that the addition of a 
Bulphamide group into certain aso dyes would protect or cure mice 
infected with fat^ doses iff hemolytic streptococci and that this dfoet 
WRS not correlated with in vitro experiments, in which the compounds 
had little effect on the Organisms. 

The compounds found most effective by Domagk were: i^phon- 
ainide-2, 4-diamino-aaoben8ene, and 4-^phonamide-phenyl-2-aio- 
7-ane^lamino-l-hydroxynaphthalene-3, finsodium disulj^onate, which 

I 

' date la thte papar an taken la part from the dlereitatloa pieeeated by 
Edward L, Emltt la partial faUUnwnt of the requirenwate for the deipee of dootor 
of pkilMoi^, Qeuf^wa Ualvenity, 1987. B^ved Joly 9,1949, 
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were named respectively prontosil and prontosil soluble. Doms^’s 
work was soon followed by that of Trefouel, Nitti, and Bovet (1035), 
who described a sulphonamide product that did not contain the aso- 
group but that still had chemothera peutic activity. This compound, 
p-aminobensene sulphonamide, HfN^ SsOtNHi, was first known 

as prontylin and has been extensively used in this country and abroad 
under the name sulphanilamide. It has been found very valuable 
therapeutically against several infectious diseases, streptococci infec¬ 
tions in particular. An excellent review with 162 references has been 
made by Holman and Duff (1038). 

In work with various sulphur compounds, started long before the 
publication of Domagk’s work and subsequent work of others on 
sulphanilamide and its main derivatives, we found that a number of 
organic sulphur compounds investigated in vitro had a fungistatic 
or a fungicidal action on various molds (Everitt and Sullivan, 1040). 
The compounds made use of in the mold studies were then tested as 
to their bacteriostatic and bactericidal actions, with especial atten¬ 
tion to the streptococci and staphylococci. 

The culture media employed in the study of the growth of the 
bacteria were those commonly used in bacteriological work and were 
made up as follows, (A) and (B) : 

(A) Bbotb mbdium 

Neopeptone ... . . 10 gmins 

Sodium ohloride .0 gnnu 

Water to make. 1,000 oe 

This culture medium was adjusted to pH 7.6, and 50-cc portions 
were placed in 126-co Erlenmeyer flasks. The sulphur compounds 
were added in specified amounts, and the flasks were plugged with 
cotton and sterilised at 15 pounds pressure for 30 minutes. Certain 
flasks without the particular compounds served as controls. 

(B) BuIOD AOAE SLAMTa 

The viability of the microorganisms on medium (A) with and with¬ 
out the added sulphur compoimds was further determined by making 
transfers to blood agar slants. These slants were made by adding 0.5 

cc of sterile blood to tubes of agar made up as follows: 

\ 

Beef extnot.... . .8 grama 

Peptone. . .. 10 grams 

So^um ehlorlde. .. . ..0grams 

AgaiHigar. ... 10-18 grams 

Water to make. .l,OO0 ee 
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The agar solution was then tubed, plugged with cotton, and steri* 
Used at 15 pounds pressure for 30 minutes. The sterile blood was 
added by means of sterile pipettes to these steriUsed tubes of agar 
after they had been cooled in a slanting position. 

In the study, the bacterial culture medium (broth medium) was 
inoculated by the addition to the various flasks of two drops of an 
IS- to 24-hour peptone medium growth of the particular organism. 

The inoculation of the blood agar slants was made by transferring 
a 6-mm loopful of the culture media to the surface of the slants. 

In each case, whether in broth or agar slants, the bacterial cultures 
were incubated at 37° C. 

A series of preliminary tests with a number of sulphur compounds 
to determine their bacteriostatic and bactericidal properties was 
undertaken with the use of Staphylococcus aureus as the test organism. 
As this organism was found very resistant, its study was deferred 
until other possibly more potent compounds could be made, and at¬ 
tention was paid to the streptococci, considered of more importance 
from the standpoint of human infections. The streptococci employed 
were (a) Streptococcus hemolyticus (oyler strain) isolated from a pa¬ 
tient with an infection on the dorsal surface of the hand and found 
capable of producing beta hemolysis; (b) Streptococcus hemolyticus 
epidemicus Group A, obtained from Dr. Alice Evans, National In¬ 
stitute of Health. It belonged to Lancefield’s group A and was viru¬ 
lent to white mice; (o) Streptococcus viridans No. 2, obtained from 
Dr. Cecil in 1935. It produced alpha hemolysis. All the streptococci 
used were provided by the Department of Bacteriology, Georgetown 
University Medical ^hool. 

In preliminary work about 50 chemicals previously tested in mold 
growth and listed in the reference to the fungicidal and fungistatic 
action of various sulphur compounds by Everitt and Sullivan (1940) 
were tested for their effect on the streptococci. Only a few seemed 
promising from a bacteriostatic or bactericidal standpoint. These 
possibly useful compounds are as follows: 

(8) Phenothioxine 

(10) Phenyl thloanenlte > 

(11) 4-ohloro-3-nitrophenyl eulphur amine 

(14) Thioacetamide 

(16) Meroaptobeniothiaiole 

(16) Phenylbeniothiaiole 

(17) Sodium dleihyldithioearbamate 

(18) Diethylthlouna 
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(81) ThiobarUturlo Mid 

(82) Bensyl diiulpUde 

(88) CoIloldAl ■ulphur (lulphur diaaporal) 

(84) CoUoldAl iiilphur (nillaoool) 

(80) 1,2 iuipbthoquinone-4-Bodinm lulphoiuta 

The effect of the various compounds was determined by incubating 
the broth culture, containing the test material for 24 to M hours and 
at each twenty-fourth hour transferring a loopful to blood agar slants 
for a further judgment as to growth. The effect of the compounds on 
the bacteria is given in Tables 1, 2, and 3. 


Tablb 1.—Sruor of thb Most PBomBiNo Solphtb Coufoundb fob AcmoN 
ON Stuptoooocub hbmoltticub (Otlbr Strain) 


Sulphur 

oon^und 

Amount 
uaed in 

Time interval of Incubation in houra on medium (A) 
before transplanting to blood agaH 

100 00 

24 

48 

72 

06 

Control.. 


+ 

+ 

+ 


(8) 


+ 

0 

0 

0 


+ 

+ 

1 colony 

0 



15 colonies 

+ 

+ 

0 

Ofi) 


0 

0 

0 

0 

16) 


0 

+ 

+ 

+ 

(17). 


0 

0 

0 

0 

(18) 


+ 

0 

0 

0 

(81) 


1 colony 

+ 

0 

0 

(82). 


0 

0 

0 

0 

(88) 


0 

0 

+ 

+ 

(84) 

20 

+ 

0 

0 

0 

(80) .. 

15 

0 

0 

0 

0 


^ The ngn (+) aignifieB growth on the blood agar, (0) no growth. 


Tablb 2.—Study of Sulphur Compounds on Growth of Stbbptogoccub 

HBMOLTTIOUB BPIDBMICUB 


Sulphur 

com^und 

Amount 
used in 
100 cc 

Time interval of tncubatioa in houra on medium (A) 
before transfer to blood agai^ 

24 

48 

72 

06 

120 

Control. 

mg 

+ 

+ 

+ 

+ 

0 


(8). . 

10 

0 

0 

0 


0 


lO). . 

10 

0 

0 

0 

0 

0 


ii) • 

15 

1 colony 

0 

0 


0 



10 

0 

0 


0 

0 


18).. . 

10 

0 




0 


16),... 

10 

+ 

0 

+ 

0 

0 


M... 

15 

6 ooloniea 

0 

0 


0 


81).. 

15 

+ 

+ 

+ 




82)... 

15 

+ 

+ 

+ 




88). . 


0 

0 

0 




84).... 


0 

0 

0 

^KB 



[86). . 

10 

+ 


0 


0 



5 

+ 

0 

imiimin 

■fli 

0 


^^Jlwfeign (+) feignifliw growth on the blood agar, (0) no growth. 
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Tabu 8.—Aotion ov Cbktain op tbb Bolphob Coiipoondb ok Stuptocoociib 
yiRlDAMB InOUBATBD IN 24-HonB PbBIODB on MbDIUM (A) AND A Looppifl 
OP BbOTR TBANSPaBBBD TO BlOOO AoAB SlaNTB to DaraBIUNB Obovtr 


Bttlphur 

oon^und 

Amount 
UBod In 

50 00 

Time in hours 

24 

48 

72 

oe 

120 

(3) . 

5 "^ 

+ 

+ 

+ 

+ 

+ 


7 5 

+ 

+ 

0 

0 

0 

(15) . 


15 colonim 

+ 

+ 

+ 

0 

as)... 


+ 

+ 

+ 

+ 

+ 



+ 

+ 

+ 

+ 

3 colonies 



+ 

+ 

+ 

+ 

+ 


6 0 

1 colony 

+ 

2 colonies 

+ 

0 

(11) . 

7 5 

+ 


+ 

+ 

+ 


A study of Table 1 will show that a number of compounds have a 
retarding action in vitro on the growth of Streptococcus hemolyticus 
(oyler strain). These compounds are 3, 15, 17, 18, 32, 33, 34, and 36, 
and of these 15, 17, and 36 were the most effective. Similarly, as 
shown in Table 2, a number of compounds inhibited the growth of 
Streptococcus hemolyticus epidemicus. These compounds are 3, 10, 11, 
14, 15, 16, 18, 33, 34, and 36. 

Of the compoimds tested and found inhibiting on both strains of 
streptococci there may be listed nos. 3,15, 18, 33, 34, and 36. Com¬ 
pounds 33 and 34, colloidal sulphur preparations, may be effective 
because they are alkaline in reaction and may change the hydrogen- 
ion concentration of the culture medium sufficiently to inhibit the 
growth of the organisms. Since this question called for a detailed 
study, these compounds were set aside for further consideration. Since 
compound 36 (1, 2 naphthoquinone-4-sodium sulphonate) was early 
shown by Herter (1905) to have more or less toxicity toward animals, 
the use in offsetting the action of streptococci in vivo might be ques¬ 
tionable. 

Finding that various compounds checked the growth of Strepto¬ 
coccus hemolyticus and Streptococcus hemolyticus epidemicus, we de¬ 
cided to study their effect on the highly virulent microorganism 
Streptococcus viridans, the checking of which has long been a desired 
need in medical practice. The results with Streptococcus viridans are 
shown in Table 3. 

It is obvious from Table 3 that Streptococcus viridans is more re¬ 
sistant to the action of the various compounds than are Streptococcus 
hemolyticus and Streptococcus hemolyticus epidemicus. Streptococcus 
viridans infection in human beings usually has a very unfavorable 
outcome and is one of the organisms for which some effective com- 
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pound should be found. Of the compounds tested, only three seem 
to have some inhibiting action on Streptococau viridana. These com¬ 
pounds are nos. 3, phenothioxine. 


10, phenyl thiOarsenite, 


and 15, mercaptobensothiasole. 



a:x) 


,C-SH. 




Of these compounds, mercaptobensothiasole was on hand in plenti¬ 
ful supply, and some attention was paid to it from a chemical and a 
clinical viewpoint. As may be seen from its formula, it is an organic 
sulphur compound containing nitrogen and in addition a -SH group. 
This compound, which was first made by Hofmann (1887), has been 
used for a number of years in the rubber industry as an accelerator of 
vulcanisation. Its use for this purpose seems to have been first sug¬ 
gested by Bedford and Sebrell (1921). It may be purchased from the 
Eastman Kodak Co. It is moderately soluble in alcohol, ether, chloro¬ 
form, and bensol, alkalies, and alkali carbonate solutions but not 
very soluble in water. 

Roark and Busbey (1035) state that mercaptobensothiasole in 
concentrations of 0.01 to 0.10 percent was effective in controlling a 
fungus living on wood and that it has been used in controlling aphids 
and mosquito larvae. Davis (1930) reported on the toxicity of the 
compound. He injected an aqueous solution of it into guinea pigs 
and a total injection of 14.5 mg in 20 days did not produce any in¬ 
jurious effects on the animals. Also, medical examinations of the men 
working with mercaptobensothiasole over a period of years in the 
Goodyear Tire & Rubber Co. did not show any toxic condition or 
dermatoses. We have given 20-100 mg of the compound by mouth to 
guinea pigs weighmg 400 grams with no gross evidence of toxicity. 
The disadvantages of using mercaptobensothiasole are its slight 
solubility and its tendency to chemical change when in an alkaline 
solution. 

In preliminary work, phenothioxine in a slightly alkaline medium 
and at a level of 20 mg per 100 cc has shown good bacteriostatic action 
on the streptococci, even on Streptoeoeim viridam. Phenothioxine 
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however, is rather difficultly soluble in the culture media, but it can 
be converted readily to a more soluble sulphonate which will be in¬ 
vestigated further in vitro and in vivo. 


BUlfMABY 

In testing about 50 organic sulphur compounds as regards their 
effect on the growth of various streptococci, a number of compounds 
were found to have more or less bacteriostatic or bactericidal power 
at a level of 100 parts per million of peptone broth. The most promis¬ 
ing compounds are phenothioxine, which showed marked bacterio¬ 
static action on Streptococcus hemolyticus (oyler strain) and Strepto¬ 
coccus hemolyticus epidemicm and considerable inhibition of Strep¬ 
tococcus viridans; and mercaptobensothiazole, which showed bacteri¬ 
cidal action on Streptococcus hemolyticus (oyler strain) and on 
Streptococcus hemolyticus epidemteus, but not on Streptococcus viridans. 
The criterion of biological action of the various compounds was the 
degree of growth on blood agar slants after a period in peptone broth 
culture with and without the compound under study. 
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PALEOBOTANY .—A Cuaparia from the Pliocene of trana-Andean 
Bolivia.^ Edward W. Bbbbt, Johns Hopkins University. 

The specimens on which the following note is based were collected 
many years ago by Dr. Edwin Kirk, to whom I am indebted for them 
as well as the information regarding their geological setting. 

They were collected at Agua Salada (lat. 21° 60' 20' S., long. 63° 
30' W.), which is about 25 kilometers northeast of Yacuiba, Bolivia, 
from the surface of an argillaceous deposit, some thousands of feet 
above the base of what Bonarelli* called the "Terciario subandino." 
This is more or less the equivalent of what Madgwick called the 
Upper Sacarigua beds; Heald and Mather the San Ysidro forma¬ 
tion; and Mather the Tatarenda formation. Similar deposits in this 
general region were earlier christened the Jujuy formation by Stein- 
mann. Beds of this character extend in the sub-Andean zone throned 
many degrees of latitude and appear to be lithologically and geneti¬ 
cally similar. They appear to be poorly fossiliferous everywhere, 
although doubtless detailed searching of outcrops in this superficiidly 
explored region might greatly modify this statement. Bonar^'and 
others have reported obscure molluscan remains and ostilt^ods; 
Harrington collected insects, which were described by Cockerell(1025); 
Kraglievic records a sloth cranium {Scelidodon ); and Kirk collected 
a mammalian jaw which Gidley regarded as of Pliocene age. Fossil 
leaves of Caeaia chryeocarpoides Engelhardt were collected at Garan- 
daiti,* which is about 150 miles north of Agua Salada. 

This last is a common Potosi form and a Corbietda mentioned by 
Bonarelli also occurs in the inter-Andean Pliocene. 

In previous discussions of the date of the final uplift of the Andes men¬ 
tion has been made of the thick series of erosion products that accom¬ 
panied this uplift, remnants of which skirt the mountains from eastern 
Colombia southward to western Argentina and from which a consid¬ 
erable number of fossil plants have been described, as at the Rio 
Aguaytia locality in eastern Peru, or molluscan faunas as near Pebas, 
Peru. Some of the latter as well as many of the plants are identical 
with inter-Andean forms from the Cuenca and Loja basins in Ecuador, 
from the headwaters of the Orinoco system in Colombia, or the head¬ 
waters of the Amazon system in eastern Ecuador and Peru, the Terri¬ 
tory of Acre in western Brazil, and in eastern Bolivia. 

It appears to me that they all clearly represent a part of the same 

> Baotived 1940. 

* Bonasbuj^. Anal. Min. Agr. IS: U). 1031. 

* Bbut, E. W. John! Hopkina Unlv. Btud« OmI. No. 18: 61. 1889. 
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geological epsiode and are of about the same age, although it obvi¬ 
ously would be inaccurate to assume exact correlation of named litho¬ 
logic units through this vast distance, especially with the realization 
of the difi^ulty of the country and the reconnaissance nature of its 
exploration. The fossil fruits from Agua Salada are tentatively iden¬ 
tified as belonging to the rutaceous genus Cwpctria and may be de¬ 
scribed as follows: 


Cusparia yacuibana Bcny, n. sp. Figs. 1-7 

Carpels unsvmmetrically egg-shaped ranging from irregularly obovate to 
Bubrhomboidal in lateral profile, somewhat compressed, roundra above and 



Figs 1-7 —Ctupana yacuibana Berry: 1, Two specimens assembled to deplot a 
fruit oonslstmg of two capsules; 2-4, lateral views of valves; 6, 0, internal views of 
valves showing outline of the single seed, placenta, and dorsal dehiscence canal; 7, 
ventral view oi partly opened oapsiue. All X2 

obtusely pointed proximad, a slight sinus on the ventral border. Substance 
crustaceous or bony. Surface with a characteristic sculpture, heavily rugose. 
Ribs comprising a broad, rounded, lunate rib originating near the middle of 
the ventral margin curving outwara and downward subparallel with the dor¬ 
sal margin. This central rib divides the surface into two regions—above it 
there are at least two major and one or two minor ribs, all subparallel; below 
it there are three or four similar ribs more parallel with the axis of the fruit 
and ipadually becoming obsolete at its base. All the ribs are subject to con¬ 
siderable variation in both extent and magnitude. Dimensions: Length, 
ra^ng from 7 to 10; maximum width, 6 to 7; thickness, 4 to 6 mm. 

Carpel is tardily dehiscent into two equal vidves, well shown in Flp. 1-4. 
At least one specimen preserves the mnipe reniform seed, which is Iuto and 
smooth and exactly fills the cavity. By voluntary shifting the focus of the 
eves the observer of Figs. 5 and 6 can get the exact picture of the valve with 
toe seed preserved except that the seed is smoofh and rounded dorsally 
and does not extend into the canal through the upper dorsal wall of the cai^ 
sule. This canal has been pusiling. It can not be detected in all the speci¬ 
mens, nor is any trace of it shown from the outside in the unopened sped- 
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mens. It is present in the msjorii^ of dehisced valves and appears to make 
the dorsal limit of dehiscence. The wall must have diflerra naturally in 
structure along this line although nothing can be made out microscopici^y. 
In Hg. 3 a conaderable sinus on the upper dorsal margin is shown at this point. 

The seed is interpreted as pointed at the base, although no trace of a stylar 
canal is preserved in the capsule wall. The hilum is supposed to be at the 
concavitv on the ventral side, and the swollen wall around which it fits is 
Bupposea to represent the placenta. No trace of a funicular canal can be de¬ 
tected in any of the specimens. 

These carpels, seemingly so individualistic and w^ marked, have baffled 
both identification and interpretation for many years. I have submitted 
them to qrstematists at some of our larger herbaria as well as to eiq)erts in 
the study of fossil carpology, such as Mrs. Reed, the well-known British 
authority, to all of whom 1 am grateful. One insuperable difflculty as usual 
is to find comparable recent material since most botanical species are founded 
on herbarium material of flowers and leaves. 

For a long time I was convinced that the specimens represented the stones 
of a drupe or berry. Arguments for such an interpretation are the traces of a 
dark organic substance in the grooves between the ribs; the stony character; 
the lack of traces of attachment; the fact that 10 specimens were unopened 
and there were but 28 half specimens. Arguments for a capsular nature was 
the dehiscence of a majority of the specimens; the prevalence of the capsule 
habit in this region of the Rutaceae and the somewhat similar ornamentation 
in many of the Recent genera some of which have bony capsules. The con¬ 
sensus of the authorities consulted was that the fossils were closely related 
to the genus Ctupana, and since I can not believe that an extinct genus was 
in existence as late as the Pliocene in tropical South America, I have ventured 
to describe them as an extinct species of that genus, and I am optimistic 
enough to expect that when the botanical exploration of that vast region shall 
be more complete than it now is this extinct species may be found to be a 
still existing one. Decision as to habit and orientation has also been difficult. 
At first I assrimcd that the mure pointed end to which the ribs converged was 
the apex, but a review of the literature and such recent material as was avail¬ 
able convinces me that the widest part of the capsule is distad and the nar^ 
rower end from which the ribs diverge is the proximal part. All the material 
that 1 have seen has the ornamentation diqx)^ in this pattern. 

There are many similar, but not identical. Recent forms in the Cusparieae 
especially in the genera Cwparia, PHocarput, and RapuHa. In Cusporia, to 
which the fossils conform more closely than to the others, the mature cap¬ 
sules are one to three and rarely four in number. I am giving a restoration of 
the fossil in which two capsules are shown as having matured. 

The subfamily Cusparieae comprises 16 genera with upward of 100 known 
species, all American, in the existing flora. Engler, who prepared the account 
of the Rutaceae in Martius’s Flora BratiHetmo and for Da» natOrUehen 
PAantmfatiuben, discussed the geographical distribution in a special pa- 
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per* in 1816, since when there has been considerable botanical exploration, 
and it now seems probable that most of the genera of the Cusparieae, certain¬ 
ly all the larger genera, may be expected to be found anywhere in the neo¬ 
tropical region of South America centering in the Orinoco and Amazon 
basins, extending to the Greater Antilles (Cuba, Haiti, and Puerto Rico) in 
the genus Ravenia, to Central America and southern Mexico in the genus 
Erythrocktlon, to Paraguay and Uruguay in the genus PHoearptu, and to the 
eastern Andean slopes of Peru and Bolivia in the genera Erythroehiton and 
Cuaparia, and probably in the majority of other genera of this subfamily. 

At least two species of Cuaparta (ramiflora and toxicana) are recorded 
from the upper Amazonian drainage basin, and one (pifocorpotdea), although 
with capsules not close to the fossil, is found in eastern Bolivia. 

Cuaparia, so far as I know, has not previously been found fossil, and the 
same statement is true of 12 of the other genera comprising this subfamily. 
The three genera, in addition to the present occurrence of Cuapana, which 
have furnished fossils are (1) Pilocarpua, species of which are recorded from 
the lower Miocene of Coronel, Chile, the Pliocene of Psillypampa, Bolivia, 
and the Pliocene of Aramary and Marahii in eastern Brazil; (2) Ticorea, 
which is recorded from the lower Miocene of Chile; and (3) EryIhrochUon 
with a species associated with Ticorea and a second from the Pliocene of 
eastern Brazil (Aramary in the State of Bahia and Fonseca in the State of 
Minas Gcraes). 

BOTANY.— New species and new names among Arizona Asteraceae.^ 
S. F. Blaxx, U. S. Bureau of Plant Industry. 

The following new species, new varieties, and new combinations are 
published here in order that they may be available for the Flowering 
plarUs and ferns of Arizona, by T. H. Kearney and R. H. Peebles, now 
in course of publication by the U. S. Department of Agriculture. 

Kuhnla rosinazlnifolla Vent. var. chlorolepls (Woot. and Standi.) Blake 
Kuhnia ehlorolepia Woot. and Standi. Contr. U. S. Nat. Herb. 16:177.1913. 
Aplopanms croeeos Gray var. genuflezus (Greene) Blake 

Pyrroeoma genuflexa Greene, Pittonia 3 : 348. 1898. 

Haplopappua croceua subsp. gemiftexus Hall, Genus Haplopappus 99. 1928. 

Chryzotbamnua pulchellus (Gray) Greene var. baileyl 
(Woot. and Standi.) Blake 

Chryaothamnus haileyi Woot. and Standi. Contr. U. S. Nat. Herb. 16:181. 
1923. 

Chryaothamnua pvlehelbu subsp. boileyi Hall and Clements, Pbylogon. Metb. 
Taxon. 194. 1923. 

4 ExaLaa, A. Vbar die geognpkiedu VerhreUufW der Rutaeeae im YerkaUnie ra 
ikrer eyMemaiiaeken OHederung. Am. Preus*. Akad. Wisa. 1896:1-27, 1-8. 1896. 

‘ Baoelved October 8, IM. 
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ChryBothamnos Titddlflonis (Hook.) Nutt. var. elegana (Qreene) Blake 

Chrytothamnua degana Qreene, Erythea 3 : 04. 1806. 

Chryaothamnua viaadiftorua subep. degana Hall and Clemente, Phylogen. 

Meth. Taxon. 183. 1023. 

Chiyiothamnui rleddiflorue var. molestUB Blake, var. nov. 

Suffrutex 8-12 cm altus pluricaubs; oaulee albo-corticati folioei normaliter 
infra inflorementiam aimplicee ut folia subdenee hirtelli pilie brevibua pa- 
tentibuH albis conicie saepe glanduloao-capitatie; folia lineaiia vel infiina 
anguete lineari-spathulata calloso-apiculata eeesilia plana v. concava 1-nervia 
pallide viridia 7-16 mm longa 0.8-1.5mmlata; cymae terminalee folia eu- 
perantia pauci- v. multicapitatae 1.6-4 cm latae ut caulee lurtellae; capitula 
anmiste cvlindrica 6-flora fructu 1.2-1.6 cm alta (pappo incluBo);involucri 
valde gradati 4-8criati 0.6-11 mm alti phyllaria in oi^nibus 6 perpendiculatie 
ordinata lincaria v. extima lineari-oblonga obtuaa v. acutiuscula non valde 
carinata 0.8-1.2 mm lata doieo glabra vel extima parce hirtella subatraminea 
scarioBO-marpnata margine prope apicem eroeo-ciliata exteriora apice viridia; 
flores maturi involucro multo londores; corollae tenuea prope basin fauds 
parce puberulae ut videtur pallide flavac (03) 7.3-8.2 mm longae (tubo 
1 8-2.3 mm, fauce 4.6-4.7 mm, dentibus 1-1.6 mm longis); achenia lincaria 
4.2-6 mm longa 6-8-nervia infra glabra supra dense glandulosa glandulis 
brevistdme stipitatis; pappus vix copiosus stramineus corollam maturam 
a^uans 8-0 mm longus, setis subequalibus hispidulis prope apicem longius 
hispidulis; antherarum ap^ndices anguste lanceolatae 0.&-0.8 mm longae; 
Btyli rami 3-4 mm longi, lineis stigmaticis 1.3-3 mm appendidbus anguste 
Bubulatis hispidulis (1) 1.3-1.7 mm longis. 

Arizona: On limestone slope in edge of pifton belt, easterly base of San 
Francisco Mountain, 46 miles from Flagstaff, Sept. 26, 1020, H. M. Hall 
11184 (Herb. Univ. Calif, no. 206824); between Williams and Grand Canyon, 
west of San Francisco Mountain, on plains, Sept. 27,1020, Hall 11100 (type 
no. 1288611, U. S. Nat. Herb.; duplicate, Herb. XJniv. Calif, no. 206810); 
open rocky park, Tusayan Forest, T. 23 N, R, 3 E., altitude 2,136 m. Sept. 
0, 1012, A. D. Read 166 (U. S. For. Serv. Herb. 6430). 

This little shrub, known from three collections from the general repon of 
San Francisco Peak in northern Arizona (Coconino County), is of consider¬ 
able interest. Hall’s specimens were identified by him as Chryaothamnua de- 
preaaua Nutt., and the measurements of floral details (not made by Hall 
himself, and in part not agreeing with my own measurements from the same 
specimens) attached to the sheets in the University of California Herbarium 
are given in his table of measurements of that species The sheet in the U. S. 
Forest Service was originally identified by Dr. E. L. Qreene as C. pulehdbta 
(Gray) Greene, and later by the writer as C. vaaeyi (Gray) Greene. It is 
rather surprising that the specimens should have been identified aa C. de- 
prtaaua and C. pvleheUua, since they completely lack the outstanding charac¬ 
teristic of those two species, namely strongly acuminate or cuspidate and 
strongly keeled phyllaries arranged in five very distinct vertical ranks. Their 
separation from C. vaaeyi, with which as well as the two species just named 
they share Uie character of a merely glandular achene (not den^y pubes- 
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cent, as in the forma of C. viaddijlonu hitherto known), is much less readily 
made. ChrytoUiamnua vaseyi, which is not known from Ariiona, is closely 
similar in habit to the new plant; its branches, although described by Gray, 
Rydberg, and Hall and Clements as glabrous, are often puberulous, but much 
less coarsely so than in the new plant, and never with glandular-capitate 
hairs developed; its leaves (sometimes finely puberulous) are normally longer 
and wider, with a weaker costa, usually indicated on the upper leaf surface, 
where the midrib in the new form is most prominently developed, only by an 
impressed line; its involucre is shorter (5.6-7 mm high), of broader and 
blunter phyllarics with less evident keel; its corollas are shorter (5.5-6.6 mm 
long), with relatively longer teeth (1.5-2 mm long); and its achenes are 0-10- 
nerved. 

In achenial characters var. molealua is more like C. vaaeyt, in which the 
achene is O-lO-nbbed, glabrous or glandular or rarely sparsely pubescent 
above, than the forms of C. nacidtflorua, in which the achene is about 
5-nerved and almost always more or less densely pubescent but not glandu¬ 
lar. The only previous record of the occurrence of nearly glabrous achenes 
among the forms of C. vtacidtjlorua seems to be in C. martanua Rydb., 
synonymised by Hall and Clements with C. viaetdiflorua subsp pubervlru, 
apparently correctly. In this the achenes were originally described as only 
slightly strigoso, and in the type specimen {Rydberg A Carleion 6003) are said 
by Hail and Clements to be sparsely stngose or nearly glabrous. 

The degree of variation in the proportions of the parts of the style in var. 
mdUatua is considerable and suggests that the emphasis placed on this feature 
by Hall and Clements in their monograph of Chryaoihamnua may have been 
exaggerated. In the three collections now at hand, coming from a restricted 
region and extremely similar in all other characters, the style branches in 
normally developed flowers vary from 3 to 4 mm in length, the stigmatic lines 
from 1.3 to 3 mm, and the appendages from 1 to 1.7 mm, the appendages 
being sometimes distinctly longer than the stigmatic lines, sometimes slightly 
less than half as long. 

Var. moleatua is distinguished from all the forma of C. viaeidiflorua hitherto 
known by its coarser pubescence consisting in part of gland-tipped hairs, its 
longer involucre, and its glandular achenes. In many of its characters it is 
more or less intermediate between C. depreaaua and C. viaeidiflorua var. ele- 
gana, and might almost as well be considered a variant of C. depreaaua with 
blunt phyllaries. The varietal name refers to the difficulties its recognition 
introduces into the preparation of a key to the species of the genus. Hall 
states that the specimens collected under his no. 11184 were much browsed 
back by grasing animals. 

duyaotluuiiiiua greanal (Gray) Greene var. ffilfollus (Rydb.) Blake 

Chryaothamnua flUfoKua Rydb. Bull. Torrw Club 28:603. 1901. 
Chryaothamnua greenei sub^. flUflcUua Hall and Clements, Phylogen. Meth. 

Taxon. 191. 1923. 
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ChryBOthamiittB naaseoiuB (Pall.) Britton var. turUiiBtaB (Jones) Blake 

Bigdovia turbinata Jones, Proc. Calif. Acad. II. 5 : 601. 1805. 
Chryaotkammu turbinatua Rydb. FI. Rocky Mta. 850. 1017. 
Ckryaothamnua naiiaeoaua subsp. turbinatua Hall and Clements, Phylogen. 
Meth. Taxon. 217. 1023. 

Achaetogeron chihuBhuensU Larsen, sp. nov.* 

Herba annua (?) 10-30 cm alta pluricaulis; caulcs simplices v. panun 
ramosi adscendent^ v. documbcntes 1-2-capitati saepe purpurascentjM foli¬ 
os! subdense pilosi v. hirsuti pilis infra patentibus supra adscendentibus v. 
subappressis; foUa infima anguste spathulata v. oblanceolata longe petiolata 
utrinque pilosa v. hirsuta integra v. utroque latere 1-dentata obtusa v. 
acutiuscula 2-4 cm longa (petiolo incluso) 3-4 mm lata, caulina anguste 
oblanceolata v. linearia sessilia v. inferiora petiolata sursum sensim reducta; 
p^unculus 1.5-6 cm longus nudua v. subnudus adscendenti- v. subapprosso- 
pilosus; capitula solitaria 1.5-2 cm lata; involucri O-scriati subaequaus 4 mm 
alti phyllaria lanceolata acuminata patcnti^ilosa et minute glandulari- 
puberula; radii numerosi pauciseriati sicco albidi v. lavandulaceo-tincti; 
achenia paullum compressa oblonga 2-nervia albida minute hirsutula 0.8 tnm 
longa; pappus minimus coronifonnis multiactulosus basi concretus 0.1 mm 
longus. 

Arizona: White Mountain Apache Reservation, Apache County, June 25, 
1007, Mra. Zuek; semiwaste places, Thompson’s Ranch, Black River, White 
Mountains, July 12, 1010, L. N Qoodding 630. 

Chihuahua; Vicinity of Madera, alt. 2,250 m. May 27-June 3, 1008, 
E. Palmer 301 (type in Mo. Bot. Gaid ; dupl. in U. 8. Nat. Herb.), 302438; 
Colonia Garcia, in Sierra Madre, alt 2,218 m, June 12, 1800, Townaend A 
Barber 32. 

Of interest as the first species of this Mexican genus to be reported from 
the United States. In general appearance it resembles species of Erigeron 
such as E. divergena Torr. and Gray, but it is readily distinguished by the 
minute coroniform pappus. All the specimens cited are in the U. S. National 
Herbarium except Townaend A Barber 32, which may be present there but 
has not been located. 

Aster commotatUB (Torr. and Gray) Gray var. crassulus (Rydb.) Blake 

Aater eraaaulua Rydb. Bull. Torre^ Club 28: 504. 1001. 

Aater commutatua eraaaulua Blake m Tidestrom, Contr. U. S. Nat. Herb. 2S: 
560. 1025. 

Alter commotatUB var. polycephalus (Rydb.) Blake 

Aater acopariua DC. Prodr. 5: 242. 1836. Not A. aeopariua Nees, 1818. 
Aater polycephalua IWdb. Bull. Torre^ Club 33: 153. 1006. 

Aater commutatua pblycephalua Blake in Tidestrom, Contr. U. S. Nat. Herb. 
25:560. 1025. 

' DsMTiptioB oontributed from lur unpublished revision of this genus by Esther L. 
Larseo, now Mrs. Kwneth D. Doak. 
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Aster erenosot (Heller) Blake 
Aster ericarfoliiu var. tenuis Gray, Syn. FI. 1*: 108. 1884. 

Leucelene arenosa Heller, Cat. N. Amer. PI. ed. 1. 8. 1898. 

Aster adenolepls Blake, nom. nov. 

MaehaerarUhera mucronata Greene, Pittonia 4 : 72. 1899. Not Aster mu- 
cronaius Sheldon, 1003. 

Aster aquifolius (Greene) Blake 

Madiaeranihera aquifdUa Greene ex Woot. and Standi. Contr. U. S. Nat. 
Herb. 16: 188. 1913. 

Erigeron perglaber Blake, ap. nov. 

Perennis ut videtur suffruteacena 20 cm altua pluricaulia apaiae et obscure 
atipitato-glanduloBua pnmo viau glaberrimua; caulea erect! tenuea simplicea 
V. ramo unico erecto donati infra folios! supeme nudi; folia anguste spathu- 
lata longe petiolata integerrima obtusa v. acutiuacula coriacea pallide viridia 

1- ncrvia; oapitula aolitaria longiuacule pedunculata ca. 2 cm lata radiata; 
involucre ca. O-seriati paullum gradati S mm alti phyllaria anguste linearia 
acuminata 0 3-0.5 mm lata appressa subchartacea costa glandulari- 
incrassata minute sed dense stipitato-glandulosa apice sparse ciliata; radii 
numerod angusti dcco laete rose!; achenia compressa 2-nervia subappresse 
hirsuta; pappus duplex, exterior e squamcllis lineari-oblongiB 0.5 mm longis, 
interior e setis ca. 12 fragilibus ca. 3 mm longis compomtus. 

Basal leaves 4-6 cm long including petiole, the blade about 10-14 mm long, 

2- 2.6 mm wide, gradually dccurrent on the petiole, this at base widened ana 
1-nerved; stems leafy to above the middle, the upper loaves similar to the 
lower but smaller; petiole bases of old leaves persistent at base of stem; 
peduncle (naked tip of stem) about 3 6-6.6 cm long, verv slender, striate like 
the stem; disk (as pressed) 6-8 mm Ugh, 10-12 mm thick; rays 40 and more, 
the tube 2 mm long, puberulous above, the lamina linear, 3-denticuIate, 
4-nerved, 10 mm long, 1-1.3 mm wide; disk corollas yellow, glabrous on tube 
and teetn, densely jiuberulous on lower half of throat, 3.4 mm long (tube 0.0 
mm, throat cylindric, 2.3 mm, teeth 0.6 mm long); achenes oblong, 1.5-1.8 
mm long; inner pappus of about 12-14 fragile hispidulous bristles, the outer 
of about as manjr hnear or linear-oblong pUeae, sometimes acute and entire, 
sometimes obtusish and few-dentate, all free; style appendages deltoid, ob- 
tusish, hispidulous. 

Arizona: Without definite locality, 1869, B. Palmer (type no. 46116, U S. 
Nat. Herb.). 

The data for Edward Palmer’s “Arizona" specimens of 1869 are so uncer¬ 
tain that this plant is ascribed to the State with some hesitation. However, it 
appears to represent a species so distinct and unique as to merit description 
despite some doubt about its habitat. In most of its characters it resembles 
E, coneinnua (Hook, and Am.) Torr. and Gray so strongly that it might 
almost be considered an essentially glabrous form of that species. The mate¬ 
rial consists of two specimens, each with a decidedly woody, erect, once- or 
twice-forked base about 3 cm high, possibly representing the upper part of a 
much-branched caudex, clothed above with the marcescent bases of the peti¬ 
oles of fallen leaves, and emitting several erect flowering stems. The glands 
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of stem and leaves are so minute that even under a lens the plant appears 
glabrous or essentially so except on the involucre and upper part of the 
peduncles, and even there the glands are very small; the leaves for the most 
part seem to be completely glabrous. 

Erigeron brandeget Gray, still known definitely only from the single scanty 
specimen collected by T. S. Brandcgee on adobe plains, southwest Colorado, 
in 1876, is intermediate between E. concinnua and E. perglaber. The extreme 
base of the specimen (a single stem with abortive terminal head and four 
1-headed branches) is not present; the whole plant is finely and sparsely sub- 
glandular-puberulous and more densely hirsute with mostly spreading hairs, 
especially on the lower half of stem, leaves, and apex of peduncles; the in¬ 
volucre is finely subglandular-puberulous, and sparsely spreading-hirsute on 
the outer phyllaries; and the phyllaries are broader (0.6-0 8 mm) than in 
E. perglaber. The pappus squamellae are long (often 1-2 mm), and irregu¬ 
larly united with each other and with the inner bristles in a manner that 
certainly indicates an abnormal condition, as Gray suggested. 

Oalinsoga semlealvt var. percalva Blake, var. nov. 

Achenia radii et disci glabra epapposa. 

Arizona ; Santa Rita Mountains, Pima County, David Griffiths A J. J. 
Thomber 162 (type no. 497226, U. S. Nat. Herb.); Santa Rita Mountains, 
1912, E 0 Woolon (U. S. Nat. Herb.). 

With the narrow leaves and other characters of Gahnsoga semicalva (Gray) 
St. John and White, but with achenes of both ray and disk glabrous and 
completely without pappus. In the typical form the disk achenes are hispidu- 
lous and bear a well-developed pappus, those of the ray glabrous or usually 
hispidulous above on the inner face and provided with a reduced pappus or 
none. 

Actinea quinquesquamata (Rydb.) Blake 

Hymenoxys cooperi subsp. grayi Cockerell, Bull. Torrey Club 31:496. 1904 
Hymenoxys quinquesqwmata Rydb. N. Amer. FI. 34:114. 1916. 

Gaillardia arlzonlca Gray var. prlnglel (Rydb.) Blake 

OasUardia pringlei Rydb. N. Amer. FI. 34:139. 1916. 

OaiUardia anzonica pringlei Blake in Tidestrom, Contr. U. S. Nat. Herb. 25: 
698. 1926. 

Artemiiia caxruttdi Wood var. wrl^tii (Gray) Blake 

Artemisia wrighUi Gray, Proc. Amer. Acad. 19: 48. 1883. 

Artemisia vulgaris sub^. unrightii Hall and Clements, Phylogen. Meth. 
Taxon. 80. 1923. 

Artemisia dracunculoides Pursh var. draconculliia (S. Wats). Blake 

Artemisia draeuneulina S. Wats. Proo. Amer. Acad. 23 : 279. 1888. 
Artemisia draeuneulus subsp. dracuneuUna Hall and Clements, nylogen. 
Meth. Taxon. 116. 1923. 
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BOTANY .—Arizona plania: A new variety and new names and com¬ 
binations.^ Robbrt H. PsBBiiBS, U. 8. Bureau of Plant Induatry, 
and Louis C. Whxblbr, University of Missouri. (Communi¬ 
cated by T. H. Kearnby.) 

In recent numbers of this Journal, several novelties were pub¬ 
lished by the writers and their collaborators, in the course of prepara¬ 
tion of a flora of Arizona. The need has arisen since for publication of 
a few additional names. 

Ephedra euderi Peebles, nom. nov. 

Ephedra coryi var. viscida Cutler, Ann. Missouri Bot. Qard. 26: 413. 1030. 

In view of the ease with which E. eutlen can be rcco^sed, its great abun¬ 
dance, dominating habit, comparatively wide distribution, and doubtful 
affinity with E. coryi Re^, it seems proper to rc^rd it as a specific entity. 
Accorffing to Cutler (tbid.), this Ephedra occurs in southwestern Colorado, 
southeastern Utah, northwestern New Mexico, and northeastern Ariiona, 
thus being geographically distinct from E. coryi, which has been reported 
only from western Texas. Morphologically, it differs from E. coryt in having 
the aerial stems more or less woody, frequently branched, often viscid, and 
the bracts of the mature fruiting cones not fleshy. E. euUert seems to be most 
closely related to E. vtridie Coville, although differing from that spocics in 
having shorter, often viscid stems, and long-peduncled ovulate cones. The 
geographical distribution of E. ciUleri and E. viridts are mainly distinct, al¬ 
though both species occur in Coconino County, Aris. 

Dalea amoena Wats. var. pubaacena (Parish) Peebles, comb. nov. 
Paroaela johnaoni var. pubeaeens Parish, Bot Gas. 55; 308. 1013. 
Psorodendron pvbescene Kydb, N. Amer. FI. 24:44. 1910. 

Euphorbia palmeii S. Wats. var. aubpubena (Engclm.) Wheeler, comb. nov. 
Euphorbia subpuberw Engclm. in S. Wats. Bot. Calif. 2:76.1880. 

Euphorbia indaa Engelm. var. mollis (Norton) Wheeler, comb. nov. 
Euphorbia schisoUtba Engclm. var moUis Norton, N, Amer. Euphorbia sect. 
Tithymalus. 43. 1899 (prepnnt from Ann. Rep. Missouri Bot. Card. 
11: 127. 1900). 

Opuntia Engelm. A Bigel. var. enodia Peebles, var. nov. 

A forma typica tuberculis baccae latis humilibus distinguitur. 

Type: North end of Hualpai Mountain, Mohave County, Aria., altitude 
4,200 feet, Ped>les SF 88S, April 19,1936. 

Althou^ the fruit of Opuntia whtpplei is described as not being very prom¬ 
inently tuberculste, Engelmann and Bigelow evidently used the term in a 
comparative sense. The illustration accompanying the oripnai description 
shows the fruit to be rather strongly tuberuclate, and it was thus interpreted 
by Britton and Rose in their monograph of the Cactaceae. The usual form of 
this common Ariiona species bears prominent, high, laterally compressed 
tubercles. In the variety enodia the tubercles are broad, low, and not prom¬ 
inent. The variety is known only from the type collection. 

Sterile fruits occur in tjrpioal 0. whipvk* and in var. enodia, but the pres¬ 
ence or absence of seeds does not materially affect the appearance of thebWiy. 

‘ Reoelved August 6, 1940. 
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ZOOLOGY .—The nematode genua Raillietnema Trawuaoa, 19Viy 
A. C. Walton, Knox College. (Communicated by £. W. Pbicx.) 

The geniu Raillietnema was established by Travassos in 1927 for 
those species of cosmocerooid nematodes that show simple basically 
amphidelphic uteri, a small number of relatively large ova, a vulva 
opening posterior' to the midregion of the body, a much simplified 
male reproductive structure, subequal spicules, and a very small 
accessory piece. Oxyeomatium aimplea Travassos, 1926—^from Hyla 
faber, Braail—was made the type species. In 1931 Travassos added 
Aplectana loveridgei Sandground, 1928—from Scolecomorphua vittatua, 
Africa—to the genus, and the present paper adds a third species. 
Semenow (1929) added Oxyuria jnraeputialia Skrjabin, 1916, to the 
genus, but this form lacks an accessory piece and has complex ovarian 
coils ending in uteri containing many eggs of relatively small size. 
As was pointed out earlier (Walton, 1933) this species must be ex¬ 
cluded from the genus Raillietnema as it is now constituted. 

Restudy of material believed to be Raillietnema aimplea (from Hyla 
faber —Brazil) and R. loveridgei (from Scolecomorphua unicolor — 
Tanganyika Territory, Africa) supports the grouping of the two spe¬ 
cies into a single genus, and the finding of a third species with similar 
characteristics in Scolecomorphua uluguruenaia (from Lyingwa, Tan¬ 
ganyika Territory, Africa) seems to justify the establishment of 
RaiUietnema as a valid genus of the family Cosmocercidae. 

Raillietnema simples (Travassos, 1925) Travassos, 1927 Fig. 1 

Examination of both male and female material from the type host, Hyla 
faber (from Braiil), adds little to the original descnption except to pomt 
out that the male possesses very narrow caudal alae, which extend from just 
in front of the cloaca to a point midway along the lenrth of the tail, and that 
these alae are supported by 4 of the 10 pairs of papillae characteristic of the 
species. Narrow lateral ridges are present in both sexes, extending from the 
anterior esophageal to the postanu region. This character is present in all 
three species of the genus. The excretory vesicle is heavily cuticularized, as 
it is in the other two species, but is characteristically cylindrical, not spheri¬ 
cal, in form. 

Male. —Length, 1,6-1.76 mm; greatest width, 0.076-0.082 mm; pharynx 
length, 0.029-0.032 mm; esophagus length, 0.37-0.406 mm: est^hageal bulb 
measures 0.062-0.067 mm by 0.062-0.067 mm, with a neck 0.047-^.06 mm 
in length; head-nerve ring distance, 0.196-0.21 mm; head-excretory pore 
distance, 0.386-0.406 mm; cloaca-tail distance, 0.166-0.171 mm; spicule 
length, 0.218-0.221 mm; accessory piece length, 0.0169-0.0163 mm: caudal 
papillM arrangement, 2 purs precloacal and 8 pain postcloacal, with 1 pair 
of precloacals and 3 pairs of postcloacals supporting the caudal alae. 

’ Received June 20^ 1940. Contribution from the Biologleal Leboratorlee of Knoz 
GoOefe, no. 08. 
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One median unpaired precloaoal papillus is pieeent. Narrow lateral ridges 
extend almost the entire length of the body. 

Female. —Length, 2.35-2.72 mm; widthat vulva, 0.105-0.141 mm; pharynx 
length, 0.034-0.088 mm; esophagus length, 0.40-0.61 mm; esophaf^ bulb 
measures 0.07-0.072 mm by 0.07-0.072 mm, with a neck 0.05-0.0^ mm in 
length; head-nerve ring distance^ 0.245-0.261 mm; head-excretory pore dis¬ 
tance, 0.48-0.61 mm; anus-tail distance, 0.22-0.246 mm; vulva-tail distance, 
1.19-1.38 mm; larvated eggs measure 0.09-0.12 mm by 0.22-0.24 mm; 2-4 
em in each uterus. Narrow lateral ridges along almost the entire length of 
the body. 

Hoet.—Hyla faber —Brasil. 

Habitai .—Large intestine and the lower end of the small intestine of the 
host. 


Rafflietnema loverldgei (Sandground, 1928) Travassos, 1931 Ilg. 2 

Study of both male and female material collected from three speoimens 
of Scokcomorphue unicolor (taken July 1039, at Magrotto Mountain, Tan¬ 
ganyika Temtory, Africa) adds but httle to the orinnal description. Both 
sexes have narrow lateral ridi^ extending almost the entire length of the 
body, and the excretory vesicle of each is subspherical in shape. One imr of 
predoacal and one pair of postcloacal papillae support the caudal alae in the 
male; the third pair of papillae is postwar in position. The number of ova in 
each uterus is somewhat ^ater than in R. ntnpke, but is still relatively low. 

Male. —Length, 1.81-2.01 mm; greatest width, 0.109-0.12 mm; pharynx 
length, 0.021-0.032 mm; esophagus length, 0.36^-0.4 mm; esopha^al Imlb 
measures 0.066-0.08 mm by 0.066-0.08 mm, with a neck 0.00^.07 mm in 
length; head-nerve ring distance, 0.146-0.15 mm; head-excretory pore dis¬ 
tance, 0.326-0.363 mm; cloaca-tail distance, 0.07-0.08 mm; spicule length, 
0.176^.2 mm; accessory piece length, 0.006-0.039 mm; caudal papillae 
arrangement, one pair predoacal and two pairs postdoaW^ with the last 
pair oaudad to the alae. One median unpured predoacal papillus is present. 
Narrow lateral ridges extend almost the entire length of the body. 

Fetnak. —Length, 2.141-3.026 mm; width at vulva, 0.127-0.16 mm; 
pharynx length, 0.024-0.03 mm; esophagus length, 0.344).42 mm; esopha¬ 
geal bulb measures 0.076-0.09 mm by 0.076-0.09 mm, with a neck 0.07- 
0.086 mm in length; head-nerve ring dbtance, 0.152-0.176 mm; head-excre¬ 
tory pore distance, 0.36-0.376 mm; anus-tail distance, 0.09-0.116 mm; 
vulva-tail distance, 0.6-0.96 mm; larvated egn measure 0.076-0.1 mm by 
0.14-0.16 mmj 6-7 egra in each of the uteri. Narrow lateral ridges extend 
almost the entire len^ of the body. 

Nods .—Seokeomorphtu unicolor, S. vittaiue —^Africa (Tanganyika Terri- 

^abitat .—Large intestine of the host. 

Salllletnema moltipapUlata, n. sp. fig. 8 

Sebkeomorphut ulugurueneie (taken at an altitude of 8,^ feet near Ly- 
in^a, Tanganyika Territoiy, Africa, in October, 1926) is the host for a 
third spedes of BedOietnema, Both male and female specimens are available 
for study. 

Mak. —Length, 1.82-1.83 mm; greatest width, 0.09-0.1 mm; pharynx 
length, 0.027-0.03 mm; esophagi length, 0.33-0.346 mm; esophageal bulb 
measures 0.07-0.08 mm by 0.07-0.08 mm, with a neck 0.07-0.076 mm in 



h, Utenl view of of molo. Fig. 8. RikuUtnma nmUpapiUata: a, BaophaMo* 
Inteotinal junction; b, lateral view of tail of male. (All drawn to the eame aode.) 

length; head^nerve ring distance, 0.17-0.178 mm; head-oxoretory pore dis¬ 
tance, 0.28-0.3 mm; cloaca-tail distance, 0.12-0.13 mm; sincule length, 
0.28-0.291 mm; accessory piece length, 0.036-0.041 mm; caudal papulae 
arrangement, 10 pairs precloacal and 4 pairs postcloacal, with 7 pairs of 

g recloaeals and 1 pair of postcloacals supporting the narrow caudal alae. 

ine median unpaired pr^oacal papillus present. Narrow lateral ridges 
extend practically the entire length of the body. 












Not. 16, 1940 walton: trb nsuatodb giikits RAiLLivmiiicA 


477 


Female. —Length, 2.582-2.702 nun; width at vulva, 0.232-0.261 nun; 
pharynx length, 0.033-0.037 nun; esophagus length, 0.36-0.4 nun; esopha¬ 
geal bulb measures 0.1-0.126 nun by 0.1-0.126 mm, with a neok 0.1-^.13 
nun in length; head-nerve ring distance, 0.176-0.186 mm; head-excretoty 
pore distance, 0.36-0.371 mm; anus-tail distance, 0.161-0.160 nun; vulva- 
tail distance, 1.076-1.092 mm ; nonlarvated era measure 0 109-0.113 mm 
bv 0.126-0.13 mm; 6-8 eggs in each of the uteriTNarrow lateral ridges extend 
aunost the entire length of the body. 

Hoat.—Scolecomorphiu uluguruerma —^Tanganyika Territory, Africa. 

Habitat. —Large intestine of host. 

Type apeeimena. —Cotypes are deposited in the collections of the United 
States National Museum (no. 42000). 

Dtactuaion .— RatlUetnema muUipapiUata may be separated from the other 
two members of the genus on the bases of: (1) A larger total number of cau¬ 
dal papilla, (2) by the greater number of papillae supporting the caudal alae, 
(3) by the larger number of smaller ova, (4) by the longer spicules, and (6) 
by the distinctive form of the heavily cuticularised excretory vencle. R. 
laveridget has the least number of caudal papillae and the shortest caudal 
alae, the shortest spicules, and the most complex accessory piece of the three 
species. The number of ova is intermediate and the excretory vesicle is sub- 
spherical in form. In R. aimplea the number of caudal papillae and the mse 
of the caudal alae increase, the spicules are longer, the accessory piece is 
much reduced, the number of ova is low, and the excretory vesicle is a short 
cylindrical structure. R. magnipapiUata has the greatest number of caudal 
papillae, the longest caudal alae, the longest spicules, a large accessory piece 
of simple structure, a larger number of smaller ova, and an excretory vesicle 
shaped like a collapsed sphere with very heavy walls. 

The genus RatUietnema at present consists of three species, two from Afri¬ 
can examples of the Apoda and one from a Brasilian tree frog. It seems to 
act as a connecting link between the cosmopohtan OxyaomaUum-Apleetana 
group of quite complex species, on the one hand, and the extremely simpli¬ 
fied, secondarily evolved, and geographically localised Schrankia species, on 
the other. The species of this latter genus are reported only from one species 
of Leptodaetylw (L. pentadaetyliia) from Braril. Only one or two eggs seem 
to mature at any one time in the members of the genus, and the number of 
spermatosoa is likewise greatly reduced. Oxyaomalium appears to be nearer 
the original stem of the cosmocercoids, and from this base has evolved 
RaiUielnema and then Schrankia, The reduction in the complexity of the 
reproductive systems is regarded as evidence of secondary, not primary, 
simplicity of the genera. 
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ENTOMOLOGY.— The North American empoaacan leafhoppers of 
the alboneura group (HomopterorCica^Uidae).^ Nancy H. 
Wheeler,* U. S. Bureau of Entomology and Plant Quarantine. 
(Communicated by J. S. Wade.) 

In 1898, Gillette,* using external characters only, described the 
widely distributed American leafhopper Empoasca alboneura. At the 
same time he also described two other species of Empoaeca, mexieana 
and tumida, having certain external characters similar to those of 
alboneura. In the revision of the genus Empoaeca, DeLong* rede¬ 
scribed the external characters of alboneura and included a description 
and illustrations of the internal male genitalia of this species, pointing 
out that tumida was a synonym and placing alboneura next to aepersa 
in the subgenus Hebata. Later, DeLong and Davidson* described and 
illustrated confuea, which externally closely resembles alboneura but 
internally is quite distinct. 

The most distinctive external characters of alboneura and closely 
related species are the more or less bluntly rounded crown and the 
pale nervures of the forewings, the latter, by contrast, giving to most 
of the species of this group a more or less striped appearance. The 
species are all rather robust and range from 2.5 to 3.3 mm in length. 
In sise and shape they are somewhat similar to the species of the 
aeperea group,' but are of a duller green color and lack the mosaic 
pattern of the forewings that is characteristic of the aeperea group. 

With a view to bringing together the various species of this rather 
homogeneous group, of which alboneura is considered typical, a care- 

‘ ReoelTsd June 10, 1040. 

* The writer expreasee her appredation to P. W. Oman, of the Dlvielon of Ineeoi 
Identification, Bureau of Entomolof; and Plant Quarantine, for hie cooperation and 
for fumiahinc epeeimena of epedee reoo^ced by him oc undeecribed, and to Dr. R. H. 
Davidun am Dr. D. M. DeLong for the loon of vduable type materiel. 

* Proc. U. B. Nat. Mue. 20: 7^744. 180S. 

« U. 8. Dept. Agr. Tech. BulL 231i 36. 1981. 

* Ohio Joum. 8d. 2«i 289. 1086. 

' Proc. Ent. Sm. Woohington 40:188-147. 1088. 
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ful study has been made of the specimens standing under the name 
alboneura in the United States National Museum collection. As a 
result, the type series has been found to be mixed, containing both 
alboneura and confusa. From a fiirther examination of available col¬ 
lections for specimens resembling alboneura, two apparently unde¬ 
scribed species have been segregated. The group is now known to con¬ 
tain five different species, three of which have been previously de¬ 
scribed and illustrated.^ For convenience, however, illustrations and 
descriptions of all the species of the alboneura group now known to 
occur in North America are included in this paper, together with some 
synonymical changes. A key to the males of the group is also offered 
as an aid in separating the various species. 

KBY TO THE SPECIES OF THE ALBONEURA GROUP 

1. Lateral processes converging distally. .4. con/tisa DeL. and D. 

Lateral processes diverging distally .. 2 

2 (1). Dorsal spine vestigial. Lateral process very broad basally, in lateral 

view tapering abruptly and strongly curved dorsad 
. ... 1. aonorana, n. sp. 

Dorsal spine prominent. Lateral process relatively slender basely, in 
lateral view more or less sinuate, with sides almost parallel to near 
tapered apex . . . ..3 

3 (2). Aedeagus with two pairs of spinelike processes projecting dorsocau- 

dad. Apex of dorstd spine snort, bluntly pointed 6. mexteana QUl. 

Aedeagus without spinelike processes. Apex of dorsal spine attenu¬ 
ated or sharply pointed .4 

4 (3). Dorsal spine sicUe^haped, apex attenuated. Lateral process, in lat¬ 

eral view, with both proximal and dbtal portions definitely sinuate; 
distal portion convexly curved on dorsal margin 3. alboneura Gill. 

Dorsal spine not sickle-shaped, broad basally, abruptly narrowed 
medially, and terminating in a slender, pointed, toelike projection. 
Lateral process, in lateral view, with proximal and distal portions 
only slightly curved; distal portion concavely curved on dorsal 
margin.2. HyUUa, n. sp. 

Enqwasct sononuuit n. sp. Fig. 1 

Resembling alboneura in dse and general structure, but lacking the 
strongly contrasting veins of forewing; lateral process very broad basally 
and dorsal spine vestigial. Length, 3.26 mm. 

External eharaciera. —General color pale sordid green; head, thorax, and 
scutellum sometimes with irregular, paler areas. Posterior margin of seventh 
stemite of female faintly incised medially and faintly anuate each side of 
median incision. 

Male internal atruclwea. —Lateral process very broad basally, tapering 

* Subsequent to the submiesion of this paper for publication It was found that 
Empeaiea ImvUi, described by Davldwin and DeLong (Ohio Joum. Sci. M: 111. 1989) 
is a member of the albonsura group. The original description, in which the species was 
compared with rimilie and bteuspido (memMrs of the aepena and /abac (mups, re¬ 
spectively), appeared without accompanying Ulustrationa. Bmpoaeea kiuuU may be 
duferwtlated nom the other members oi the aiboaswra group, here treated, by the 
bifurcate dorsal spine. 
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rather abruptly but evenlv, in lateral view to sharply pointed apex curved 
dorsad, in ventral view to bluntly pointed apex directed caudolatorad. Style 
long, relatively slender, |raduall;}r tapering to sharply pointed apex directed 
caudolaterad. Dorsal spine vestigial. Aedeagus slender, exteniung upward 
from base, then bent mrectly caudad and broadly curved dorsad. Sternal 
apodemes rudimentary. 

Holotj^ male, allotype female, and 3 male and 20 female paratypes from 
Caiene, mnon^ Mexico, June 1,1927, A. W. Morrill, collector. 

TVp®> U.S.N^M. no. 64190. 

Empoasca stylata, n. sp. Fig. 2 

Related to alboneura, but larger, with venation of wings less compicuous, 
dorsal spine stouter, and latersJ process not broadened distally in ventral 
view. Length, 3.3 mm. 

External charactert .—General ground color pale sordid green tinged with 
fuscous; venation of wings obscure except apically. Crown with ivory spots 
and an ivory median lino. Pronotum marked with three irregular ivory areas 
anteriorly. 

Male tfUemal alructuree .—Lateral process long, slender, with sides almost 
parallel to near pointed apex, with mstal portion in lateral view concavely 
curved on dorsal margin and directed dorsocaudad, in ventral view curved 
caudolaterad. Style long, relatively broad at base, with tip bent laterad. 
Dorsal spine strongly curved first caudad, then ventrad and cephalad, broad 
basally, narrowed medially, and terminating in a slender, pointed, toelike 
projection extending cephalomesad from ventrocephalic mar^n. Aedeagus 
stout, process for muscular attachment extending at nearly right angles to 
shaft. Sternal apodemes fuscous, large, sacklike, and rounded apically. 

Holotype male and one male paratype from Cajon Pass, Cuif., June 6, 
1936, collected by P. W. Oman, and one male paratype from Los An^es, 
County, Calif., collected by D. W. Coquillett. The la6t*mentioncd specimen 
was standing under the name alboneura in the Museum collection. 

Ty^, UTS. N. M. no. 64191. 

EmpoABca alboneura Gillette Fig. 3 

Etnpoaeea alboneura Gillette, Proc. U. S. Nat. Mus. 20: 743-744. 1898. 

A relatively robust, dull-green species characterised by the pale nervuies 
of the forewings, giving a conspicuously striped appearance. Lateral 
processes definitely sinuate and diverging distally; spine stout and sickle- 
shaped. Length, 2.6 to 3.6 mm. 

External ^aractere .—General color varying from yellowish green tinged 
with orange to dull green tinged with brown, veins pale and conspicuous. 
Crown relatively broad, bluntly rounded and slightly produced, with a 
light median stnm and an oblique dash on each side near the eye. Posterior 
margin of sevento stemite of female produced and rounded medially, with 
a very shallow and broad lateral emi^nation. 

Male internal Hructuree .—Lateral process in lateral view long, relatively 
slender and sinuate, with distal portion convexly curved on dorsal inarp;in 
and tapered to pointed apex directed dorsocaudad; in ventral view, curving 
mesad to near middle, then laterad, with distal portion slightly broadened, 
then narrowed to pointed apex directed caudolaterad. Style long, with 
basal portion relatively broad, sinuate and abruptly narrowra near middle, 
with imical portion broadly curved and gradually tapered to bluntly pointea 
apex (ureotM caudolaterad. Dorsal spine relatively stout and siokle-^ped. 
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Fin. 1-5.—Lfttend and veatral (A) view* of male genital capsule and ventral view 
) ofitemal apodemes of (1) Bmpoiuca tonorona, n. sp.; (3) B. tiykUa^ n. sp.; (5) 
af6ofi«ttra QilL; (4) IF. a^itsa 1 >Ij. and D.; and (5) B> msxioatia Qul. Xea. 50. 
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broadly curved and evenly tamred to attenuated apex directed ventro- 
cephalM. Aedeagus broad aistally. Sternal aTOdemes rather small, narrowed 
on lateral margins to bluntly rounded and uightly fuscous apices. 

described bv Gillette from 15 females and 0 n^es from Mis¬ 
sissippi Agncultural College, 2 specimens from Virginia, and 7 specimens 
from Colorado; specimens were recorded from "D. C.,” and from the 
U. 8. National Museum marked "Va.,” “Los Angeles, Calif., Coquillett,” 
“Nevada Co., Cal., Sept.,” “Horace, Ks., July 28,” and “Neb.,” the ty^ 
being designated “No. 3437 U. S. N. M.” 

The tyi» series now extant in the U. B. National Museum conrists of two 
females with the Type no. 3437, one labeled Horace, Kans., and the other 
Lakin (?), Kans. Therefore, Gillette’s cotype female in the U. S. National 
Museum (Type no. 3437) from Horace, Kans., is here designated lectotype. 

More recently this species has been identified in miscellaneous collections 
from Alabama, California, Colorado, Connecticut, District of Columbia, 
Kansas, Kentucky, Maryland, Mexico, Missouri, Montana, Nevada, New 
Mexico, New York, North Carolina, Ohio, Oregon, Pennsylvania, Tennes¬ 
see, Texas, Utah, Virginia, and Wyoming. 

In the original description Gillette reported aJboneura from “native 
plants” and from plum in Colorado. loiter, DeLong* recorded this species 
as “distributed almost throughout the United States on herbaceous plants.” 
Other records have been procured, from collections in various locatities, (A 
the occurrence of dUboneura on alfalfa, AntJiemu cofida, Arfemista, arti¬ 
chokes, aster, Ckryaothamnua, giant ra^^eed, and white pine. This species 
has also been taken in trap lights at Arlington, Va., Knoxville, Tcnn., and 
Kichfield, Utah. 

The accompan^ng illustrations and descriptions of this species have been 
made from a study and comparison of a number of males and females from 
series collected both in the East and in the West. There seems to be some 
variation in this species, both externally (in sise and coloration) and in¬ 
ternally (in the breadth and sinuation of'the apical portion of the lateral 
process), but no greater differences have been noted between eastern and 
western specimens than between specimens of a series from the same locality 
and date of collection. 

Empoasca confusa DeLong and Davidson Fig. 4 

Empoatea confwa DeLong and Davidson, Ohio Journ. Sci. 36: 229. 1936. 

Superficially resembling alboneura but less conspicuously striped and less 
robust, with crown narrower and only slightly produced; latend processes 
sinuate but converging distally. Length, 3 mm. 

External cAcroefers.—General color fuscous-green, with venation of fore¬ 
wing pale. Posterior margin of seventh stermte of female produced and 
broadly rounded medially, with a small notch, on each mde, laterally. 

Afole infernal slrucfures.—Lateral process long and sinuate; in ventim 
view broad, with distal portion narrowed to long slender point directed 
caudomesad; in lateral view more slender and tapered graduwv to pointed 
apex directed caudad. Style relatively long, broad at base, with distal por¬ 
tion abruptly narrowed to long, slender apex directed caudolaterao in 
ventral view. Dorsal spine shorty broad, concave on anterior maripn, with 
a bluntly pointed, toelike projection extending cephalad from ventro- 
cephalic margin. Aedeagus simple and relatively vender. Sternal apodemes 
rudimentary. 

Originidly described from a single male collected at Burns, Oreg., holo- 
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tvpe male in the DeLong collection. The male and female herein treated, 
the former redescribed and reillustrated, are from a series of 18 males and 
48 females collected at Mount Shasta, Calif., by R. H. Reamer. Other 
males and females at hand are from the following localities: Caufobmia: 
Bray (Oman). Colorado: Durango, Livermore (Oman); Mesa Verde 
(Reamer); Poudre River Canyon (Sanderson). Nevada: Reno (Reamer). 
Obboon: Rend (Oman). Wabhinotok: Cliffdell (Reamer); Mount Rainier 
(Oman). Four females of this species from Nevada County, Calif., were 
found under aOxmeura type no. 3437 in tho U. S. National Museum 
collection. 


Smpoasca mexicana Qilletto Fig. 5 

Empoaaca mexicana Gillette, Proc. U. S. Nat. Mus. 20: 737-738. 1898. 
Empoaeca tumida Gillette, l^c. U. S. Nat. Mus. 20: 744. 1898. 

Empoaaca bitubera DeLong, Ohio Joum. Sci. 32: 396. 1932. 

One of the smallest species of the aJtboneura group, with crown rounded, 
but slightly more produced than in atboneura. Aedeagus with two pairs of 
spinelike processes. Length, 2.5 to 2.75 mm. 

External characters .—^\ot yellowish to fuscous-green, with veins of fore¬ 
wing pale but not so distinct as in cJboneura, except apically. Posterior 
margin of seventh sternite of female slightly produced and rounded medially, 
with alight lateral emargination. 

Male internal Hructurea .—Lateral process relatively long, broad, and 
tapered apically; in lateral view extending dorsocaudad, with distal portion 
narrowed on dorsal marmn and curved upward; in ventral view sinuate, 
curved mesad about middle, with distal portion broadened sUghtly, then 
tapered to sharply pointed apex curved laterad. Dorsal spine broad at base, 
brosuUy curved caudoventrad, with bluntly pointed apex directed cephalo- 
mesad. Aedesigus unusual, having a pair of long, narrow, spinelike processes 
projecting dorsocaudad from near base and another, worter p«ur arising 
similarly but more dorsallv. Sternal apodemes mMium sised, slightly 
fuscous, and rounded apically. 

This species was originally described by Gillette from five females col¬ 
lected near Veracrus, Mexico, and was given U. 8. N. M. typo no. 3430. 
Later, DeLong redesoribed mexicana, in the absence of Gillette's type ma¬ 
terial, from specimens in the collection of the U. 8. National Museum, 
labeled Marfa, Tex., June 5, 1908, Mitchell and Cushman, collectors. As 
previously indicated by the writer,* from an examination of this series now 
extant, the externid markings and internal structures of the male were found 
to be identical with those described and figured later by DeLong for bUvbera, 
and bUvbera, therefore, was placed as a synon^ of mexteana. 

An examination of the type of (umtda, a female in the U. 8. National 
Museum, labeled "Colo. 1668" (t^ no. 3438), has shown this form to be 
specifically identical with females from Marfa, Tex., identified as mexicana 
by DeLong. Therefore, Empoaaca tumida is also placed as a synonym of 
E. maxicarM. 

For the sake of uniformity, merieana is herm redescribed and reilhis- 
trated from the series ooIlectM at Marfa, Tex., June 6,1908. now conwsting 
of 1 male (dissected), 3 females, and 2 spetimens with abdomens missing. 
Other material has been examined from various localities in Arisona, 
Califomia, Colorado, Nevada, New Mexico, Texas, and Utah. 

* Joum. Wsihixigton Acad. Bei. 29:800. 1080. 
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PROCEEDINGS OP THE ACADEMY AND AFFILIATED 

SOCIETIES 


THE ACADEMY 


362d mebtinq or the boabd of icanaqebs 


The 362d meeting of the Board of Managers was held at the Cosmos Club 
on Friday, June 28, 1940. President Crittenden called the meeting to order 
at 8:04 p.m. There'were 11 present as follows: 


E. C. Cbittskdbn 

F. D. Rosfiim 
F. C. Kbacsk 
H. S. Rappleti 
A. H. Glabe 

P C. Whitmbt 


E. W. Pbiob 
C. L. Garner 
W W. Diehl 
and by invitation 

F. Q. Buckweodb 
N R Smith 


President Crittenden announced the appointment of the following com¬ 
mittees: 

CoMUITTBBB ON AwaRDB FOB SCIENTIFIC ACHIEVEMENT FOR 

THE Calendar Year 1941 


Far the Bioloffieal Scieneee 


A. H. Clark, chairman 
F. O. Cob 
J. M. Cooper 
U. A. Edbon 
£. A. Goldman 


I T. Haig 

C F W. Mdbbbbeck 
IL W. SCHOBNINQ 
G. Steiner 
A. Wbtmore 


For the Phyeical Sciences 


O. H. Gibb, chairman 
A K. Balls 
F. S Brackett 
W. £. Dbmino 
H. £. McComb 


F. L. Mohlbr 
W. T. SoHALLEB 
J, H Taylob 
O. R. WuLF 
E. G. ZiBB 


For the Snfftneering Sciences 

F. M. Dbfandobf, ehalrman H N Eaton 
C H. Birdseye A. C. Fieldnbb 

H. L. CuBTiB H. C. Hatbb 

H. G. Dorset O. W. Mubobatb 

W. N. Spabhawk 

COMMirrEB ON MlETlNOB TO SiBVE UNTIL JUNB 1041 

C. L. Qarnbb, chairman W. C. Lowbbbmilk 
R. E. Gibbon P A. Smith 

L. V. JunsoN Charles Thom 

Chairman N. R. Sicith, of the Committee on the Records of the Academy, 
presented the following recoxnmendatioiiB, which were accepted by the 
Board with instructions to the committee to prepare the appropriate amend¬ 
ments to the bylaws for submission to the mem^rs: 

1. That there be created the office of Arohivist, whoee duties would be: First, to 
go over the present aooumulation of material, sort out the important noords, and 
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arrange and keep them in permanent order; weend, accept and care for the reoorda 
turned over to him by the Corresponding Secretary each year. 

2. That the present duties of the Corresponding Secretary as regards the main¬ 
tenance of the Academy’s permanent records be transferred to the Archivist. 

3. That the office of Recording Secretary be abolished, his purely secretarial 
duties transferred to the Corresponding Secretary, and such permanent records as 
are now kept by him transferred to the Archivist 

4. That the name of the office of Corresponding Secretary be changed to Secretary. 

Under the proposed plan, the Archivist would have charge of the following reoorda 

which are now In the hands of the Corresponding Secretary* 

1 A set of the Proceedings of the Acadbmy. 

2 A set of the bound Journals. 

3 A set of the Directories (incomplete, 1000 to 1010). 

4. Permanent Minutes of the Board of Managers. 

6 A record of Academy officers and organisation. 

6 Nominations for membership. 

7. Important oorrespondenoe 

8. Matenal of permanent Interest, medals, invitations, etc. 

Your committee further recommends that the Archivist be appointed by the 
President for a period of three years and that the person selected for the position be 
one who is interested in this type of work and who has had appropnate experience in 
the affairs of the Acadkmt. 

On the recommendation of the Committee, of which H. L. Cubtib was 
chairman and Charles Thom and P. C. Whitney members, the Board 
approved for presentation to the Academy a revision of the bylaws entitled 
‘^Amendment to modify the procedure for amending the bylaws”: 

Articlh IX. Delete lines 1 to 10 and insert the following: 

'Amendments to these bylaws shall be proposed by the Board of Managers and 
adopted by a letter ballot of the members of the Acadbht, with a two-thirds majority 
of those voting being required for adoption When a proposed amendment is sent to 
the members, there shall also be submitted a statement of the reasons for the proposed 
amendment. The ballots shall be counted one month after mailing to the members. 

"Any affiliated society or any group of ten or more members may request, In 
writing, the Board of Managers to propose an amendment. The action of the Board in 
accepting or rejecting this request shall be by a verbal (yea and nay) vote on a roll 
call, and the complete roll call shall be enter^ in the minutes of the meeting.” 

The Corresponding Secretary presented for the Committee on Member¬ 
ship the nominations of 17 persons; one resident and 10 nonresident. 

After fixing the next meeting for September or October, the Board ad¬ 
journed at 9:50 f.m. 


GEOLOGICAL SOCIETY 

5d9TH MBBTINO 

The 669th meeting of the Society was held at the Cosmos Club, January 
11,1939, President J. B. Mertib, Jr., presiding. 

Informal cammunicaiions. —T. S. Kbblbb described some unusual rock 
structures in northern Georgia. 

Program. —C. Wtthb Cookb: Neptune^a raceiracka. 

E. Callaghan: Recent favU aearpa tn the watem fori of (he Qreat Baein, 
C. B. Hunt: Pedtmenfa around tM Henry MounUnna, Utah. 
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570th xbrtino 

The 670th meetiQK of the Society was held at the CoemoB Club, January 
25, 1039, President J. B. Mbrtih, Jr., presiding. 

Program. —F. P. Shepard: Nondepotitiortal vnrironmetUa off (he Califomia 
eoati. —Bottom sampling by P. D. Trask and reports of bottom oonoitions 
coming from the work of the U. B. Coast and Qeodetio Survey gave the 
impression that there were considerable areas off the California eoast where 
deposition is either very slow or nonexistent. Recent work on the B. W. 
Saippa, involving dredging and coring operations over a wide area off this 
coast, has shown that these nondepositionBl surfaces are widespread, that 
they are associated with various topographic environments, and that all 
depths up to 3,500 meters are involved. The environments having either rook 
bottom or sediment that appears to be too coarse to be intromiced at the 
present time include: Banks or submarine mountains tiring above any part 
of the sea floor; steep submarine slopes; portions of the continental shelves; 
and the walls and floors of submarine canyons. With the possible exception 
of some banks, none of these nondepositional areas were entirely free from 
recent sediments, but coring and dredgmg operations gave the indication 
that the recent sediments in these plai^ form only a thin discontinuous 
cover over rook or sediments of an older generation. 

While basins and troughs off the southern California coast appear to be 
areas where deposition is important, several of these features were found to 
have relatively clean sand deposits underneath thin covers of mud. Since 
silt and clay are known to be the chief sediments contributed at the present 
time to the basins and troughs, the existence of this sand leads to the bus* 
picion that even in some of ^ese deep depresrions deposition of fine grained 
sediment may have been inhibited in relatively recent time. 

The nondepositional surfaces are found for the most part at depths too 
great for effective wave agitation. However, investigation of the bottom cur¬ 
rents by R. Revelle and the speaker in all the prinripal environments has 
shown that large eddy movements are taking place with suflScient current 
velocity to move fine-grained sediment. These currents show no sign of de¬ 
creasing velocity with increased depth. Furthermore, the discovery of rela¬ 
tively rapid increase in depth from time to time at the heads of submarine 
canyons and that these depth changes may occur during calm sea conditions 
suggests that mud flows or other tvpes of submarine landslides are carrymg 
se^nents seaward. It seems probable that bottom currents and mass gravity 
movements are resmmsible for the nondepositional surfaces. 

Erlino Dobf: The tHrotigrai^hic significance the flora of the type Lance 
formation. —The Lance formation at its type locality in Niobrara County, 
Wyo., has previously yielded a dinosaur fauna of the Triceraiope stage, a 
fr^-water invertebrate fauna, and a small flora. The flora has never OMn 
described or fully studied. During the past two summers a large ooUeotion 
of foseil plants was obtained in this area by the speaker, under joint auspices 
of Carnegie Institution of Washin^n and Princeton University. 

At present this flora comprises about 75 species, of which 8 are apparently 
new and 6 are not specifically determinable. More than 75 percent of the 
aperies have previously been reported elsewhere. Over 80 percent of these 
species occur only in formations whose Upper Cretaceous is not in doubt: 
the Laramie of Colorado, the Medicine Bow of Wyoming, and the HeU 
Creek of Montana and the Dakotas. 

Only about 10 percent of the species are known from the widespread and 
weU-i^wn Fort Union flora of Paleocene age. Equally distinct from the 
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type Lance flora is the flora of the non-dinoeaur-bearing beds (^Uook and 
Ludlow), which overlie the dinosaur-bearing beds (Hell Cheek) in Montana 
and western Dakotas. These have previously been considered the upper part 
of the Lance formation. The known flora of over 60 species of the iSilTock 
and Ludlow is clearly of Paleocene aspect, with about 85 percent of the 
species recorded only from the overlying Fort Union. 

It is apparent that published statements that point out similarity between 
the Lance and Fort Union floras are erroneous and are based on inclusion in 
the Lance flora of species known now to have come from horisons in t^ 
TuUock or Ludlow of post-Lance age, or from beds that are actually basal 
Fort Union. The paleobotanical evidence indicates that the Mcsosoic- 
Cenosoic bounda^ should be placed between the dinosaur-bearing beds 
(typo Lance or Hell Creek) and the non-dinosaur-bearing beds C^llock 
or Ludlow). This is in harmony with the known vertebrate evidence and 
does not appear to be seriously contradicted by the marine invertebrate 
fauna (Cannonball) associated with the Ludlow of the western Dakotas. 

F. E. Mattheb: Poat-Pltocene origin of the glaciers of tiu Sierra Nevada. 

571bT MBBTINa 

The 57 let meeting of the Society was held in the Cosmos Club, February 
8, 1939, President J. B. Mebtie, Jb., presiding. The following resolution 
presented by J. S. Willumb, seconded by J. B. Rebbidb, Jb., was unani¬ 
mously approved by the Society: 

"Mr. PiWdent: Dr. Gbobqe Hebbebt Qibty, a member of this Society 
since January 1897, died of heart failure at his home in this city on Friday, 
January 27. He had recently passed his 69th birthday. 

"Dr. Girty was well knovm to most of the members of this Society either 
personalljr or professionally as a specialist on Mississippian, Pennsylvanian, 
and Permian fossils. In that capacity he has cooperated, both in the labora¬ 
tory and in the field, with many members in the solution of geologic problems 
in many States and in Alaska. The demtinds of his position made him spend 
considerable time on stratigraphic paleontologv, but bis greatest interest 
was in the field of descriptive paleontology, and he used to sit by the hour 
often with the bright summer sunshine streaming in through an open 
window, dictating descriptions of species to his stenographer. Never a show¬ 
man in his professional work, many observations of great importance are 
rather apologetically made and obscurely placed within the texts of his de¬ 
scriptions of species. Many of these have been given prominence by later 
writers. Other observations of equal importance have never been written, 
because Dr. Girty belonged to the school of geological thought that believes 
that principles, correlations, and classifications should be based on evidence 
that u well in nand before they are enunciated. This fact, together with the 
fact that so much of his time was employed in examining and writing reports 
on field collections, accounts in part for the relatively small proportion of 
philosopUcid papers he published. 

"Dr. Gflrty was author or part author of 9 professional pajpers and bulletins 
of the U. 8. Geological Survey and of about 60 articles published in various 
journals and State survey reports. His interests were wide, and at the time 
of his death he had but recently completed or was working on papers de¬ 
scribing fossils from the MississippiBn, Pennsylvanian^ or Permian rooks 
from many scattered areas extending from Pennsylvania and Ohio on the 
east to the Pacific Coast States on the west; and from Texas on the south to 
Alaska on the north. Perhaps his work bert known the world over was lus 
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Quadalupian report, which gave the first extensive de8cri|^on of the Per¬ 
mian faunas of the Southwest. Other papers, however, arelmown almost as 
widely. He has contributed through descriptive papers or reports to the 
knowledge of the Carboniferous geology of almost every State and territory 
in the United States in which Carboniferous depomts occur and also of 
Canada, Mexico, and countries on other continents. 

“A short bionaphical sketch written by Dr. Qirty a few years a^ at the 
invitation of a British Journal gives many personal details of his life. In it 
he tells that he was bom in Cleveland, Omo, on December 30, 1860. His 
parents appear to have been extremely well to do, and from the beginn^ 
he lived a rather sheltered life. A great shock, which he says profoundly in¬ 
fluenced his life, came when he was 12 years old, when his father died. He 
was educated in the Cleveland public schools and in Yale University, re¬ 
ceiving his Ph.D. degree there in 1804. He came to the Geological Survey 
in 1895. He was very fond of music and was an accomplshed pianist. In his 
early youth he considered selecting music as a career, but he gave it up 
because he felt that his talents were inadequate—“not much above medioo- 
rity," he says. He wrote several compositions for his own pleasure—some 
of them during his last illness, but he published none of them. He was also 
fond of poetry and himself wrote poetry. When he started in his college 
career, he had, as he put it, “an idea” that he would like to teach Latin and 
Greek, both of which, especially Greek, made a strong appeal to him. His 
proficiency in these subjects later made him a frequent consultant of Survey 
members. In his senior year in college he became interested in paleontology, 
and this interest, as we all know, continued to be his most ardent interest 
until his death. 

“With Dr, Girty’s passing, the Society and the science of paleontology 
have lost an extremely able contributor, and many members of the Society 
have lost a sincere friend who will be sadly missed. Therefore, I move that 
these words of appreciation be incorporated in the minutes of this meeting 
and the Secretary of the Society be instructed to convey to Mrs. Girty the 
smeere sympathy of the membersl^ of the Society.” 

Informal communicationa. —F. £. Mattbbb described some artificial 
geysers near Mono Lake m California, resulting from wells. 

Program .— Habsy H. Hess: Oravtty anornaliea and atrudure of the Weat 
Indian Island area. 

J. C. Reed: Mxneroluad faviXa %n the Chichagof mining didriet, Alaaka. 

6720 IfBBTINO 

The 572d meeting of the Society was held at the Cosmos Gub, February 
22, 1639, Yice-president, John B. Rbebidb, Jr., presiding. 

Informal communteoftons.— Robebt P. Bbybon described some crater- 
shaped depressions in reservoirs, whose origin seems to be associated with 
gas Dubblw that rise through the sediments. 

Program. — E. L, Stepubnbon, The reauUa of magnetomder aurveya on lae- 
eolitha in the Bighvooad Afotintotns, Mont. —Magnetometer measurements 
were made on and near the Shonkin Sag and Cowbov Creek laccoliths in 
the Highwood Mountains in Montana, to trace the buried extension of a 
horiiontal pipelike body and to locate, if possible, the feeders of the lac¬ 
coliths. Approximately 2,600 readings were made with a standard Askania 
vertical variometer. 

By means of magnetic anomalies the horisontal pipelike body was traced, 
with reasimable certainty, for a distance of 9,000 feet under a Tertiary gravel 
bench to a dikelike body exposed at the opposite side of the bench near the 
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CJowboy Creek laccolith. The measurements show no connection between the 
laocoliu and these two bodies, which, therefore, are not feeders of the 
Cowboy Creek laccolith. 

Areas of great magnetic disturbimce occur over parts of each of the two 
laccoliths. The general form of the anomalies is that commonly associated 
mth relatively narrow bodies of considerable vertical extent. These anoma¬ 
lies may in^cate the presence of feeders of the laccoUths, and no other 
explanation seems more probable at present; however, because other condi¬ 
tions might produce similar anomalies, only tentative conclusions are 
drawn pending the completion of additional measurements. 

Jaubb L. Dybon: Structure and motion of cirque glaeiera .—Detailed study 
of two cirque glaciers, Sperry and Grinnell, in Glacier National Park has 
shown that a small cirque glwier in an extreme state of decadence exhibits 
its structure and other glacial phenomena very clearly. Such ^acieis have 
motioi^ deposit morainic material, and perform other typical glacier func¬ 
tions. Sperry and Grinnell glaciers are both about the same size, each have 
a length of approximately one mile. 

Stratification due to the annual accumulation of snow is well exhibited on 
these glaciers. The ice strata, each of which represents one season’s snowfall, 
range in thickness from 2 to 6 feet and are readily apparent because their 
upper surfaces are covered with dust and small rock particles which make 
visible contact planes between each stratum. In the narrow fim «>ne, which 
lies at the base of the cirque headwall and comprises usually about 8 percent 
of the surface of the glacier, layers of snow are wedge- or sUngle-shaped and 
have a steep initial tilt toward the glacier front. Weight of the overlying 
layers causes these wedge-shaped layers of snow to move downward and to 
rotate so that after traveling a relatively short distance they assume a back¬ 
ward dip, which gradually increases until about midway between the fim-ice 
boundary and the Racier front a maximum of 45° maybe attained. Near the 
fim-icc TOundaiy, ice strata usually arc nearly horisontal or have rotated 
sufficiently to poss^ a gentle dip toward the cirque headwall. The thin 
part of each wedge is removed by melting, and only ice which was originallv 
next to the headwall reaches the glacier front. On both Sperry and Grinnell 
^aciers the edges of ice strata are distinct enough so that between the fim 
area and the ipacier front their number may be ascertuned. Thus the ap- 

f iroximate length of time necessary for ice at the glacier front to have moved 
rom the cirque headwall may be determined. 

In spite of the small size of these glaciers they are actively eroding the 
surfaces over which they move. This activity is made manifest by con¬ 
spicuous amounts of rock flour in their melt waters and by abundant striae 
on rock surfaces from which the ice has recently retreated. The nature of 
many of these striae indicates that in places the ice in a very thin zone at the 
base of the glacier is quite plastic. Because of obstmetions in the cirque 
floor many of the striae are extremely sinuous. Boulders were found t^t, 
idter being transported in the basal portion of the glacier, were forced into 
crevices in the cirque floor from which the ice was unable to extricate them. 
Subsequently the ice was deflected around these boulders as indicated by 
striae that approMh a boulder, curve around it, and then resume a course 
in direct line with their originai trend. 

It is BUggnted also that plasticity of the ice and to a lesser extent its ero¬ 
sive power, depend not so much upon the thickness of the ice as upon the 
type of internal motion it exhibits. 

C. F. Bbookman: Olaeial reeeanon in Mount Rainier Nationei Park. 
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573d ifBOTiNa 

The 573d meetinj of the Society was held at the Cosmos Club, March 8, 
1039, President J. B. Mkbtib, Jr., presiding. 

IrifomuA communicaiioru. — W. W. Rubbt described the work of an ad¬ 
visory committee of naturalists in preserving and making accessible features 
of interest in the new Government park being developed along the old 
Chesapeake and Ohio Canal and asked members to help by drawing atten¬ 
tion to features thdt they considered should be pointed out. 

R. E. Stbvbnb presented the results of an analytical study of intergrown 
albite and mica from a California pegmatite, in which although ^e two 
minerals had apparently crystallised simultaneously, the mica contained 10 
percent potash and only 1 percent soda, a feature that has a bearing on the 
existence of the soda mica paragonite. 

Program. — Maboabbt D. Fobtbr: Oeockemtcal relatioru of ground waters 
in the Houslon-Galveeton area, Tex. —Ground-water supplira in the Houston- 
Galveston area are obtained principally from permeable sands in the 
Willis (7), Lissie, and Beaumont formations. The shallow waters in the dif¬ 
ferent formatioas differ characteristically in their content of calcium bi¬ 
carbonate and in their total mineral content. These differences may bo 
correlated directly with the amount and character of solubte material in the 
sands and clajrs from which the waters are derived and with the organic 
content of the soils through which the waters passed in entering the forma¬ 
tion. 

As they pass downward, the waters in all the formations show a prof^- 
sive alteration in character, changing from calcium bicarbonate to sodium 
bicarbonate—a result, apparently, of reaction between the waters and base- 
exchange minerals in the sands. In waters in the Willis (7) sand, this altera¬ 
tion in type is accomplished by a continuous increase in total mineral con¬ 
tent and in sodium bicarbonate; in the waters in the lissie and Beaumont 
formations there is a gradual decrease in calcium and magnesium, accom¬ 
panied by a gradual increase in sodium, the total mineral content remaining 
fairly constant. 

The d^th at which the change in character begins to take place differs 
in the different formations; it is greatest in the Willis (7), least in the Beau¬ 
mont. Calcium chloride waters found in the vicinity of some of the salt domes 
may be attributed to the reverse of this softening process; deep salt water, 
moving upward through faults and fissures and invading the surface strata, 
reacts with exhausted shallow base-exchai^ minerals, exehanditg its 
sodium for their calcium and magnemum. Distortion of m strata is indi¬ 
cated by the chemical character of some of the waters in the vicinity of 
Blue Ridge and Pierce Junction domes. 

J. B. Yhay: Structuralfeatures on the north side of the Beortooih Mountains 
near Nye, Mont.—From a study of the geology of the Nye #2 quadrangle on 
the north side of the Beartooth Mountuns, Mont., it is concluded (a) that 
relief to compression during the Laramide orogeny was localised by major 
■ones of weakness in the basement rocks to form two sqpos of complex struc¬ 
tures, and (b) that porphyry bodies along the north sons were intruded 
previous to the period of major deformation. 

The Beartooth Mountains in the southern part of the area studied consist 
mainly of pre-Cambrian rocks. Along the approximately east-west trending 
front are steeply dipping Paleoxoic, Triaasic, and Jurassio formations, simi¬ 
lar to those found efiiewhere in southern Montana. In the western part of 
the area the mountains swing to the north and are made up for the most part 
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of Paleoioio rooks intruded by numerous pnrphwy masses. The central and 
eastern part of the area consists of the rather broad valley bottoms of the 
Stillwater River and its tributaries and intervenina terraces and rolling, 
moderately dissected pediments; it is underlain by Upper Cretaceous 
formations. To the northeast is an upland of considerably greater relief 
developed on the pyroclastic Livingston formation. 

Regional structural studies have shown that the Beartooth block over- 
thrusts in an easterly direction east of the N 3 re area, whereas low-angle 
underthrusting toward the northeast occurs west of this area. 

'V^thin the Nye area two sones of complex structures are found. The 
routh sone coincides approximately with the mountain front but passes back 
into the pre-Cambrian to the west. It trends about N. 80° W. and consists 
of nearly parallel east-west faults arranged en echelon and dipping steeply 
south; movement on the faults has been mostly eastward and probably some¬ 
what upward on the south aide. The Paleosoic rocks within the fault lone 
stand at high angles and in places are overturned and cut by subsidiary 
faults; at the mouth of the Stillwater Canyon they are piled up in a schup- 
penlike structure north of the main fault. 

The northern structural sone is on the line of the Nye-Bowler lineament. 
In the cast half of the area it is characterised by a rather sharp anticlinal 
structure broken by many small en echelon faults, believed to have resulted 
from a dominantly horiaontal movement along the sone, the south side 
moving eastward. Farther west along this sone are a number of porphjpy 
intnisives, generally laccolithic in structure. Limestone Butte shows a ring 
fault offset by radial faults, within which the Paleosoic formations have 
been pushed up asymmetrically, so that the greatest displacement is on the 
south aide, where Ordovician is against Jurassic, and porphyry masses occur 
along and on bo^ sides of the fault. Round Mountain is a complex laccolith 
intruding a syncline, and the elongated dome to the north shows a partly 
concordant porphyry mass in the nose and northeast flank. Farther west, 
in Mevers Carbon and its north fork, compound porphyry intrusions have 
domed up the Lower Paleozoic rocks. The synclines around these domes as¬ 
sociated with the porphyry are tightly compressed and in places overthrust 
by the domes. 

Between these two aones in the central and eastern part of the area there is 
a shallow syncline having sharply upturned ed^. Farther west the rocks 
dip rather uniformly northeast, except near the edge of the quadrangle 
where they are folded asymmetrically, the axial planes dipping northeast; 
the folds are cut by a few tl^st faulte dipping in the s^e direction. 

It is believed that two major sones of weakness, trending about N. 80° W., 
existed in the basement rock previous to the Laramide deformation. In an 
early stam of the orogeny porphyritic magmas intruded the sediments along 
the north zone, and perhaps the eastern part of the Beartooth block was 
bowed up relative to the western part and to the surrounding plains area. 
During the period of major compression the Beartooth block was pushed 
toward the ENE. relative to ^ pUdns area to the north, so that transverse 
movement took placg on the east-west en echelon faults of the south zone 
where the Beartooth block stood high, and low ande undertiurusting toward 
the northeast occurred farther west where it stood relatively lower and was 
opposite the area intruded by porphyry. ^e north zone deepseated move¬ 
ment was mainly horizontal, and we individual porphyry masses com¬ 
pressed and overthnist ^e surrounding s^pelines. 

T. A. Hekobiou: Strvetwai inUrprdaHon of recent granty obeervatione in 
touthautem Oklahoma. 
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574th MRiiTiNa 

The 574th meeting was held at the Cosmos Club, Maroh 22,1930, Presi¬ 
dent John B. Mbbtir, Jr., presiding. 

Informal communications. —W. H. Monroe described a cave in sandstone 
that had been formed by animals licking away the rock to obtain the small 
amount of salt in the rock. 

Program. — J. F. Bell: The mechanical d^ormation of crystals and its 
relation to structural geology. 

W. H. Bradley: Fosstljuh of the Green River formation. 

S. R. Capps: Some Pleistocene placers in IdaAo. 

675th meeting 

The 675th meeting of the Society was held at the Cosmos Club, April 12, 
1939, President J. B. Mertib, Jr., presiding. 

Program.—W. F. Fobhao: Problems in the study of meteorites. 

Louis S. Gardner: Displacement along the Hurricane fault in Utah and 
Arizona. —The Hurricane fault extends north and south for at least 100 
miles in southwestern Utah and northwestern Arisona. At some places it is 
a single normal fault, but elsewhere it consists of a sone of several closely 
packed faults showing three periods of movement in Tertiary and Quater¬ 
nary times. The faults occur at the base of a high, almost unbroken, west¬ 
facing escaipment, which is a fault scarp for 30 miles in Utah, but is a fault-line 
scarp near Mount Trumbull, Axis. The stratiipaphic displacement increases 
northward from 1,500 feet at the Colorado lOver to about 10,000 feet near 
the Pine Valley Mountains in Utah. 

At many places 600 to 3,000 feet of the displacement is due to strata of the 
dropped block bending downward toward the fault. In a distance of half a 
mile or more the easterly dip increases progressively from less than 5** to 
more than 25” at the fault. In the raised block to the east the strata are 
again essentially horiiontal. Farther to the east, such faults as the Sevier 
and West Kaibab also show this feature. 

Dutton and others interpreted the structures as representiim monoclines 
that were later cut by great normal faults. This explanation is unsuited to 
the Hurricane fault sone because the bendmg, first, is not like that in ordi- 
narv monoclines; second, is strictly confined to one side of the fault; third, 
is closeljy associated with the fault and apparentlv dependent upon it; ana 
fourth, ft has resulted from repeated movements, the latest of which affected 
a land surface that is still in existence. Explanations such as drag along the 
fault, or simple rotation of the dropped block, are also inconsistent with 
field evidence. 

The bending seems to have resulted from a mobile western block sagging 
irregularly downward away from a stable eastern block. Evidences for this 
are: (1) Tlie physiographic contrast between the structural valley of Ash 
Creek immediately west of the fault and the complexly erode4 valley of La 
Verkin Creek nearby to the east; (2) recent headward erosion of Ash Creek 
tributaries into Great Basin alluvium; and (3) the anomolous arrangement 
of ridges and valleys that would exist if the land surface deformed oy the 
last down-flexing were restored to its original condition. 

J. B. Mertib. Jr.: Stratigraphic measurements in j^arallel folds .—^Two 
topics are treated in this paper. The first is concerned tnth the development 
of methods for analysing the form and curvature of parellel folds, utilising 
actual field data. The second is a presentation of empirical methods for the 
measurement of stratigraphic dimensions in parallel folds. 
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The greatest desideratum of structural i^logista is a better understand¬ 
ing of the mechanics of folding. For this objective two principal sets of data 
are available; first, the strength of the materiala composing rocks, and 
second, their observed deformation. While assumptions must still be made 
regarding the behavior of deeply buried rocks when subjected to stress, it is 
nevertheless true that greater progress might be made in the study of folded 
rocks if all the available data could be treated quantitatively. The methods 
pven in the first part of this paper should be useful in an^yaing the geo¬ 
metrical forms of parallel folds. 

Folded rocks having bedding surfaces which are approximately parallel 
are said to lie in parallel folds. Utilising the geometric^ idea of an evolute 
and its involutes, the author offers a more precise two-dimensional definition 
of parallel folds, and at the same time points out inconsbtencies in earlier 
concepts. Suggestions are also made regarding a three-dimensional classifica¬ 
tion of parallel folds, and particular attention is directed to the similarity 
between Appalachian folding and certain three-dimensional graphs of the 
Bessel function Jp(.x), of the real variables p and x 

It is shown that a family of involutes may bo regarded as the traces of a 
set of stratigraphic surfaces, in a plane normal to the axis of an elongate 
parallel fold; and that comparable planes and involutes may exist for qua- 
quaversal folds. Methods are presented for deriving the differential equation 
of the normals to a family of involutes, and for obtaining therefrom the dif¬ 
ferential equation of the involutes. The derivation of the equation of the 
corresponding evolute is also given. All these equations are obtained from 
the relationship d<*f(jx), where x represents the varying distances along a 
geological traverse normal to the strike of the rocks, and 5 represents the dip 
of the rocks corresponding to various values of x. The relationship 6^kx, 
which is often assumed by geologists in the measurement of strati^aphio 
thickness, is utilised to exemplify the principle involved in this analysis; and 
the type of fold which must exist under this assumption is deduced. Geo¬ 
metric methods are also given for accomplishing the same results that are 
obtained by mathematics analysis. 

The second part of the paper deals with the application of mean trigono¬ 
metric functions in the determination of stratigraphic thickness and other 
stratigraphic dimensions. In such applications the most general case is as¬ 
sumed, namely, that both the strike and dip of the rocks change from point 
to point. Where it is possible to obtain a number of observations lying along 
a straight line of traverse, it is shown that the best possible results will be 
obtained by deriving the mean trigonometric functions corresponding to 
these strikes and dips, and by substituting such mean values in homocunid 
formulae. This is essentially the method earlier proposed by E. L. Ickes. 
Where sets of observations lymg upon a straight line cannot be obtained, 
or where for other reasons it is desirable to consider observations in pain, 
different methods should be used. One such method is based upon the 
assumption that Another method, proposed by the author, is de¬ 

veloped under the empirical assumption that the traces of parallel strati- 
grapnic surfaces in a plane, normal to such surfaces, may be considered, over 
short distances, to have the curvature of concentric circ^ar arcs. Under this 
assumption it is found that j ^arc tan {kx+g) where k and g are constants, 
depending upon the initial and terminal values of the strike and dip. The 
corresponding mean trigonometric formations are then found to be the fol¬ 
lowing: 
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For purposes of rapid computation, tho logarithms of sin S, cos S, and tan S 
have been computed, with an increment of five degrees for the variable, 
which may bo cither the strike or the dip. These logarithms are utilised in 
substituting such mean trigonometric functions in homoclinal formulae. 


576th meeting 

The 576th meeting of the Society was held at the Cosmos Club, April 

26.1639, Prudent J. B. Mebtie, Jr., presiding. 

Informal communications. —J. J. Fahet described peculiar crystals of 
dolomite embedded in ^psum, which have an octahedral form thiat simu¬ 
lates the pattern of the isometric octahedron, but the angle between the face 
and base is 75.5° instead of 70.5° in the octahedron. The crystals actually are 
the steep-sided rhombohedron, 4041. 

H. D. Mibbb described two tW dolomite layers in the Whitehorse forma¬ 
tion in southwest Oklahoma, which, though less than half an inch thick, 
can be traced over an area of several hundred square miles and form good 
horiion markers for correlation. 

Program .— David Qbioob: Convection currents and mounlatn-butlding .— 
A review of the known forces available for deformation of the earth's crust 
shows that only those of thermal contraction and subcrustal convection are 
sufficient in magnitude. Thermal contraction seems unable to supply the 
amount of contraction required by geologic analysis of the Tertiaiy moun¬ 
tain system. Mathematical analysis of convection by Vening Meinesi, 
Pekeris, and Hales indicates that subcrustal convection is probable, and 
would supply force of the proper magnitude. This paper presents an analmis 
of the convective movements which suggests that such currents would be 
periodic, and discusses the implications of this in mountain-building. 

A convection-current cycle is suggested which may be correlated with the 
mountain-building cycle. To study the action of the currents on the crust, 
a model has been designed to be dimensionally similar to the conditions in 
the earth’s outer shells, and to reproduce in one minute a process wUch takes 
a million years in the earth. Moving pictures of this model in action suggest 
a similarity between the structures so produced and those that are observed 
in mountains. 

C. K. Leith: Present state of some xnternatumal mineral problems, 

677th meeting 

The 677th meeting of the Society was held at the Cosmos Club, November 

8. 1639, President J. B. Mebtie, Jr., presiding. 

The following resolution presented by Miss Julia Gabdneb was un¬ 
animously adopted by the Society: 

“Wendell Clat Mansfield was bom on June 9, 1874, in Charlotte 
Center in western New York, a little south of Lake Em and east of Lake 
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Chautauqua. His A.B. degree was received from Syracuse University in 
1008. For the two ^ars flowing his graduation he taught scienoe in the 
secondary schools. On June 20,1010, he entered the Federal service as pre- 
parator to Dr. William Healey Dall, replacing the veteran collector Frank 
Bums. Mr. Mansfield advanced through the usual stages to the rank of 
grologist and in the meantime had in 1013 received a M.8. degree from 
George Washington University and in 1027 his doctorate. He was a member 
of the Geologic^ and Biologicu Societies of Washin^n, the Paleontolopcal 
Society, the Washington Academy of Sciences, and the Qeolo^cal Society 
of America. His wife Katherine Qibson Mansfield died several years ago 
after a long illness, and there were no children. He accepted without bitter¬ 
ness, but with full realisation, the comparative loneliness of his later ^e. 
He himself was in wretched health for a number of years, but there was no 
word of complaint or of morbid reflection. He was spared, however, a long 
dependence that would have been harder than physical pain, for the end 
came suddenly on July 24, his first day of absence from his office desk. Two 
sisters, a brother, and two nephews, whom he regarded with pride and af¬ 
fection, survive him. 

"Trained under the aegis of Dr. Dall, his natural regard and respect for 
books and museum collections was deepened and strengthened, and the 
Tertiary moUuscan collections at the Umted States National Museum bear 
the imprint of his care. His faunal and stratigraphic studies were focused on 
the middle and later Tertiary and Pleistocene of the Atlantic seaboard from 
Virginia to Florida. To those familiar with the deliberation with which he 
worked, the sum total of his published writings is surprisingly large, and 
most of his papers include a distinct stratinapnic contribution. He was the 
first to extend the Yorktown formation inland to Petersburg, Ya. The de¬ 
scription of the upper Miocene faunas of Florida—those of the Choctaw- 
hatchee formation—and their careful soning are perhaps his most compre¬ 
hensive works. In this he established the upper faunal and strati^phic limit 
of the Miocene, while his work upon the Tampa had greatly aided in fixing the 
lower limit of the Miocene. His studv of the controversial faunal and field 
relations of the Chickasawhay, on which he was engaged for some months 
before his death, was sufficiently far advanced so that it can be published 
in part. 

"Possibly the foremost quality of the man and of his work mav be indi¬ 
cated by the outmoded word Too little self-assertive and too little 

self-confident to be sure of the rightness of his own opinions, he was yet 
tenacious of a belief that he had well considered and mMe his own. He was 
never too bus^ to be approached and gave generously of all that was his, 
whether material or immaterial. He asked little of life during the later jrears, 
and those of us acoustomed to the simple tenor of his ways were surprised at 
tte divendty of interests and organisations represented in the chapel filled 
by those who gathered to pay the final tribute. 

"Mr. Fresidiuit, I move that these words of appreciation be incorporated 
in the minutes of the Society and a copy of this statement be sent to his 
sister in New Jersey.** 

The following resolution, presented by W. C. Aldbn, was unanimously 
adopted by ^e feisty: 

'*Abtbub Jamxs Collier a member of the Geological Society of Wash¬ 
ington, died at Coronado, C«^., on October 13, 1030. Mr. Collier was a 
member of the United States Geological Survey from 1896 until the time of 
his retirement in 1985. He was bom in Wheaton, Ill., on January 6, 1866. 
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After moving to the West he attended the Univendty of Oragon, and from 
this Bohool he received the degrees A.B. and A.M. In 1894, Harvard Uni¬ 
versity conferred on him the degree of Bachelor of Science in consequence 
of studies there. Durii^ the TOars 1910 to 1914 he served as professor of 
geology at the University of Oregon. 

“Field studies for the Federal Geological Survey resulted in the publica¬ 
tion of several papers, bv 1908, on gold, tin, and coal deposits of Alaska. 
Following these came field mapping and published papers on coal and ore 
deposits in Oregon, Washington, and Idaho. Several years were devoted to 
mapping and study of the areal geology and structure of the rock formations 
in several districts in Montana, including coalfields, the Kevin-Sunburst 
oilfield, the Little Rocky Mountains, Bowdoin dome, and other possible 
reservoirs of oil and gas. Several papers were issued by tne Geological Survey 
based in these studies, including also oilfields in Wyoming and the Nesson 
anticline in North Dakota. 

“Mr. President, I move that a copy of this statement be incorporated in 
the minutes and that appropriate words of sympathy be sent to Mrs. Col¬ 
lier.” 

Program .— K. J. Mcbata; Volcanic ath as a source of stbcafor (he sibci^ 
cotton of toood .—The chemical and physical properties of volcanic ash make 
it a rich source of readily available ^ca for geochemical processes. In recent 
years more and more sedimentary formations are being recognised as con¬ 
taining volcanic ash or its decomposition products. The common associa¬ 
tion of silicified wood with volcanic ash is noted in a list of occurrences of 
silicified wood in the United States, and this association is viewed as the 
result of a genetic relationship arising from the alterabihty of the ash. 
Silicified wood may serve as an indicator for volcanic material in sedimen¬ 
tary deposits. 

W. D. Collins: Water analyses .—At one time the main use of water 
analyses was as a help in judging whether waters were safe to drink. There 
are still a good many who have no other thought about water analysis. 
The water anal^es made by the Geological Survey have very little value in 
connection with questions relating to health. The analyses generally show 
the quantities of a larger or smaller number of dissolved mineral con¬ 
stituents, depending on the use that is to be made of the results. Analyses 
may be faulty, valueless, or mislcadmg^ because the samples were not col¬ 
lected properly, because they changed in composition between the time of 
collection and the time of analysis, or because of errors in the analysis. 

It is not easy to obtain samples that are truly representative of the sources 
from which they are taken. Samples collectra in the course of drilling a 
well may represent water added in drilling rather than water present in the 
formations reached by the drill. Most sunace waters vary so much in com¬ 
position with the seasons that care must be taken in using analyses of single 
samples of surface waters. It is possible to take a sample from a river that 
will represent the water in a particular part of the stream and fail to repre¬ 
sent the main body of water in the stream. 

There have been occasions when a sample of water has changed apprecia¬ 
bly in composition during storage because of solution of the bottie, because 
of the solution of insoluble matter that was in suspension in the water when 
collected, or because of the deposition of mateiw ^at was originally in 
Bohition. This depouted material is generally calcium carbonate or hydrated 
iron oxide. 

Hie special methods and precautions necessary to obtain reliable analyses 
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of the mineral content of natural waters are not fully appreciated by some 
analyats who are eipert in other lines of analytical work. Not all are familiar 
with the various checks that can be applied to test the reliability of an 
analysis. The inaccuracy of many analyses can be detected by inspection, 
but others equally in error may appear, by every test, to be entirely reason¬ 
able and reliable. 

To obtain a useful and dependable water analysis it is necessary that the 
sample be so collected as to be truly representative; that it be submitted for 
uialysis imchangcd, and that it be analysed with due attention to details, 
with careful scrutiny and checking of the results. 

Tom F. W. Babth; Thermal adtvtty tn Iceland .—Abroad belt of geolo^- 
cally Recent formations traverses Iceland from southwest to northeast. It is 
the so-called Pala^nite formation, which consists of tuffs and breccias as¬ 
sociated with basic intrusions, moraines, boulder-clays, and glacial sedi¬ 
ments. To this belt is confined the modem volcanicity (volcanoes and 
fissures such as Trdlladyngja, Hekla, Katla, Laki, VatnajOkuU, Askja, 
Krafla, etc.), as well as the acid hot emnqa, wluch in Iceland invariably are 
intimately associated with active voicanism. Indeed, acid springs seem to 
depend on it for their existence; they are mven birth by active voicanism, 
they are changed by volcanic events, and they die when in any local region 
the voicanism abates. But this does not mean that the acid thermal activity 
is a modem phenomenon in Iceland. It has been inferred from certain meta- 
momhic clay depenits that the pre-glacial volcanicity also was accompanied 
by hot-spring action. 

The alkaline hot apringa are geographically independent of the modem 
voicanism. They are found in the ptdagonitc belt, as well as on either side of 
this belt, in the formation of Tertiary basalts of Imth East Iceland and West 
Iceland. 

Other characteristic differences between acid springs and alkaline springs 
are: (1) Their relation to the surface topography: aad springs are found 
along tectonic lines and usually on high, dry ridges, but alkaline springs are 
traical for areas possessing a sui^rior ground-water supply, and break out at 
the foot of long hill slopes, or in depressions in the land surface, often in 
river beds or in the bottom of lakes; (2) the alkaline springs are much more 
copious than the acid ones; (3) the temperature curve is typically different 
for the two kinds of springs. 

Both types of springs are fed by volcanic contributions; they receive their 
thermal energy as well as certain chemical constituents from volcanic sources. 
It can be shown that the farther the volcanic emanations have to travel 
underground before they find egress to the surface and break out as hot 
springs, the more alkaline they become and the more do thu^ become diluted 
by ordinary ground water (thus becoming increasin^v copious). 

This evolution from what in a sense may be called ''primary’* acid springs 
of insispificant water discharge to "secondary” alkaline springs of con- 
sideralue discharge, is in line with, and corroborates the studies conducted 
by A. L. Day and E. T. Allen on the thermal activity in California and in 
Yellowstone National Park. 

678tb MBwnNO 

The 578th meeting of the Society was held at the Cosmos Club, November 
222^1989, President John B. Mbbtib, Jr., presiding. 

The following resolution presented by Q. F. Lovohum was unanimously 
adopted by the Society: 
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"We were very sorry, tboiigh not surprised, to learn that Dr. Waldhab 
Lendorsn died on November 4, 1030, at the age of 70, after a long illness. 
Though not a charter member of the Geologic^ Survey, he was identified 
with it and with American geology from its pioneer days. Bom in Sweden 
and educated there and at Imiberg, Germany, he came to America in 1883, 
with a letter of introduction to Raphael Pumpelly, who was conducting ^e 
Northern Transcontinental Survey established by the Northern Pacific 
Railway. Pumpelly assigned him to assist W. M. Davis, who for years after¬ 
ward u^ to refer to his young assistant who mounted a horse on ^ wrong 
side. This work ended in 1884 and lindgren worked for a short time as an 
assayer at Helena and draftsman at Anaconda, Mont., before being ap¬ 
pointed assistant gralogist in Becker's par^, which was studying quick¬ 
silver deposits in California for the IT. 8. G^logical Survejr. From tten 
until 1012 he remained with the Burvey. His ability as a mining geolo|^, 
reflected in his Survey reports and scientific papers, soon gain^ deserved 
recognition and he b^ame generally regarded as t^ world's outstanding 
authority on the science of ore deposits. 

"His broad view of the subject is reflected not only in his writings on min¬ 
ing districts and on processes of mineral deposition, but in the time and 
energy that he spent in placing on a sound bams the Survey’s annual statisti¬ 
cal reports, which from 1903 on have furnished the basis for a quantitative 
approach to mining geology. In 1005 he organised the small group that 
established the ioumal Economic Geology, which promptly became the 
leader m its field. Lindgren continued for several years in charge of the 
Metals Section of the Division of Mineral Resources, and in 1008 succeeded 


S. F. Emmons as chief of the Section of Metalliferous Deposits. He held 
both positions until 1911, when he was made Chief Geologist, succeeding 
C. W. Hayes. 

"In 1912, with the desire to give more time to original investintions than 
his administrative duties on the Survey permitted, he resigned to become 
William Barton Ronrs professor of economic geology at the Massachusetts 
Institute of Technology, where he had been a visiting lecturer for the three 
preceding wars. Years later, when he received the Penrose medal in recog¬ 
nition of his leadenhip, he said that he never felt cheaper than when he 
handed his resignation to Qeorm 0. Smith, who was then director. He had 
grown with the Survey, and it had been such a great part of his life for so 
many years that it was hard to reconcile himself to the separation. In 1013 
the first edition of his book Mineral DepoeiU, an outgrowth of his lectures, 
was published. This book also promptly became the leader in its field. He 
remained at Tech until his retirement about nine years ago and continued 
to be an inspiration to many graduate students, and an outstanding con¬ 
sulting geologist. 

"In 1925 he served as chairman of the Division of Geology and Geomphy 
of National Research Council and successfully laid the groundwork for the 
publicatien of the Annotafsd bibliography of eeonomie gedogy. the first volume 
of which appeared in 19^. He supeivwd the first 10 volumes, his many 
contributions to which made interesting and spicy readmg, besides showing 
in few words the relative value of manv articles on the subject. 

"The science of mineral deposits is bv no means a one-man science, but, 
when we reflect on its growth, we And that no one so much as Mnd^ren has 
contributed to and guided its advance. 

"Geology and the world has suffered an irreparable loss in his pasring. 
but we are most grateful that he was able to round out his work so ww 
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during his long career. We regret that hie period of comfortable relaxation 
after retirement could not have been longer and we extend our sincere 
nmpathy to his surviving relatives and to the Masaachusette Institute of 
Technology where he spent the last 27 yean of his life. 

"Mr. President, I move that the Geological Society of Washington prepare 
an appropriate resolution of sjrmpathy and send it to Dr. Undgren’s nearest 
lelauves, particularly his niece, Helen Lindgren, who has been his close com¬ 
panion for many years, and to the Massachusetts Institute of Technolo^.’’ 

Informal communicationa. — ^J. C. Rbbd and R. R. Coateb reporteo^on 
the thermal gradient in mines on Chichagof Island, Alaska, which they found 
to be about 1.56° F. per hundred feet. The communication was presented 
by Mr. Coates. 

Program, —P. B. King : Peniatent attvcturai trenia in Ouadalupe Mountain 
region, Tex. 

Frank Neumann: Setamograph evidence of deepfocua earlhqudkea. 

W. D. Ubby : Measurement of geologic time. 

679th mebtinq 

The 679th meeting of the Society was held at the Cosmos Club, December 
13,1939, President J. B. Mertib, Jr., presiding. 

Program. —Vice-president J. T. Pardbb took the chair while President 
Mbbtie delivered ^ presidential address. Placer gold in Alaaka, which was 
published in this Journal, Vol. 30:93-124, Mar. 16,1040. 

47th annual meeting 

The 47th annual meeting of the Society was held immediately following 
the 579th regular meeting. The reports of the secretaries, auditing commit- 
te^and treasurer were read and approved. 

llie Society elected the following officers for the year 1940: 

President: J. T. Pardee. 

Vice-presidents: C. Wythe Cooke and L. H. Adams. 

Treasurer: Alice 8. Allen. 

Secret^: R. W. Brown. 

Council: D. A. Andrews, Eugene Callaghan, C. B. Hunt, C. B. Read, 
R. E. Stevens. 

The society appointed J. B. Mebtie, Jr., as its nominee for vice-president 
of the Washington Academy of Sciences. 

Parker D. Trask, Secretary 


eutawcf 

David Myers Mottier, professor emeritus of botany at Indiana Uni¬ 
versity, died at the home of his daughter in Indianapolis on March 26,1940, 
after a brief illness, at the age of 76 years. Bom September 4,1864, his early 
years were spent near his birthplace in a Swiss settlement at Patriot, in 
southeastern Indiana. Following his attendance at the public schools near 
his home, he taught for several years in the elementary schools before enter¬ 
ing Indiana University as a student. He reemved the A.B. degree from Indi¬ 
ana in 1891 and the A.M. in 1892. 
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In hia student days at Indiana and the few yean iminediatelsr following, 
while he served as instructor in botany, Mottier caught the enthnsiaam of 
such of his instructors and ooUeagues as David Stan Jordan, John Meila 
Coulter, and Douglas H. Campbell and, as the next natural step for that 
time, turned to Germany for further study. His formal graduate work with 
Btrasburger at Boqn resulted in his receiving the Ph.D. degree in 1897. He 
later spent some time in research at the Biolopcal Station at Naples and at 
the University of Leip^. 

From the time of his first appointment at Indiana Uidvermty in 1891 until 
his retirement in 1937 he served continuously—as instructor, associate pro* 
lessor, prof^eor, and departmental head—except for two leaves for study in 
EurojM. 

The pattern of Dr. Mottier’s life work took form in that bright decade 
between 1890 and 1000 when so much was done to clarify the cytological de¬ 
tails of the life histories of the higher plants and animals and lay the foundar 
tion for the experimental work of the present century. At that time he was 
acquainted, personally or by correspondence and exchange, with many of the 
most active workers in his field in both Europe and America. More than two 
3 rears before the announcement by others of double fertilisation in an^o- 
sperms, he had made excellent microscopic preparations showing a sperm in 
contact with the polar nuclei, but be heeded the vigorously administered ad¬ 
vice of Btrasburger and ignored it as of no consequence. As a symbol of his 
excellent cytological technique, one of his slides showing this phenomenon 
was in good condition 30 years later, although it had many times been sub¬ 
jected to projection with an arc light. 

His most important early work was on various problems of the cytology 
and embiyogeny of vasculw plants. Later be made significant contributions 
to what was known of the origin and development of chloroplasts and mito¬ 
chondria. His last work dealt chiefiy with the prolonged culture of the 
gametophytes of ferns under conditions preventing fertilisation. 

A keen mind, a thoroughness of application, and a master of detaUed per¬ 
fection made him an artist in the techniques of cytological preparation and 
illustration. These qualities, with his seriousness of purpose in all aspects of 
teaching, research, and study, and his gentiemanly old-school personal quali¬ 
ties, are reflected in the respect of numerous students who felt his influxes. 

Besides numerous research papers, he prepared in 1902, undw the titie 
Fecundation in planta, a rteund of what was t^ known of fertilisation in aU 
groups. He was also the author of an elementary text in botany and a labora¬ 
tory manual. 

Dr. Mottier was a fellow of the Amoncan Assodationforthe Adyancanent 
of Scienoe, a life member of the Botanical Society of America, a charter mem¬ 
ber, felloWi and ejqrreaident of the Indiana Academy of Science, and a mem* 
bar of the American Society of Naturalists, the Washington Academy of 
Sciences, and, at times, of several other learnt sad honwaty societies. 
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BOTANY .—Two new genera of Aeanthaceae from OuateTnala^ £. C. 
IjEoxAJEtD, U. S. National Muaeum. (Communicated by William 
R. Maxon.) 

In the large collection of plants procured by Paul C. Standley on 
the 1930 Sewell Avery Expedition of the Field Museum of Natural 
History to Guatemala there were a number of interesting specimens 
of the family Aeanthaceae. Represented in this material are two new 
genera, which are described herewith. One of these includes a species 
previously placed in the genus Drejerella. 

Aveiia Leonard, gen. nov. 

Sect. Odontonemineae. Calyx 6-partitu8, tubo brevi, segmentis angustis; 
corolla Bubregularis, tubo giai^, lobis subaequalibus, obtuw vel rotunda- 



tim stamina 2; antherae bilooulares mutieae, looulis parallelis, subaequaliter 
aflbds; oapsula stipitata, parva, 2- vel 4*€perma. Herbae; sploae tenninalea^ 
densae; braeteae ovatae, imbrioatae. 

TSrpe species, Drejerem longipee Standley. 

This graus is closely related to DrtfereiUa Lindau. but differe in its rnuti- 
coos, sube<iual, paralld anther cells. The anther ceUs of DrejenSOa are sub- 

* PublUwd by pemlMlon of the Bemtary of thoSalthmlan InsUtattoa. Rooalved 
Jane 38,1»40. 


601 



602 JOUBNAL OF THB WASHINGTON AOADIIIT OF BCIHNCBB VOL. 30, NO. 13 


superposed, the lowermost strongly oaloamte. In both genera the pollen 
grains are of the "SpanTCnpollen” tvpe, with a series of longitudinal grooves 
and an equatorial band of pores (thm). 



Ilg. 3 .—Mtfolotlona virideicent Leonard: a, Portion of 
branch; b, calyx (both natural aiie). 

The name Avena is given in honor of Dr. Sewell Avery, director of the 
recent Held Museum expedition to Guatemala above mentioned. 

Bracts serrate. A. mrata 

Bracts entire. A. UmgipeM 

Averla lerrata Leonard, sp. nov. 

Herba, cauUbus erectis vel adsoendentibus, subteretibus, ^landulo 80 <hir- 
tellis; lamina foliorum ovata, apice subobtusa, apioulata, bam truncata, ser^ 
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rata, glanduloao-hirtella; petioli tenues; spicae multae; bracteae acutae vel 
obtusae, apiculatae, serratae, glanduloao-hirtellae; bracteolae lineari- 
lanceolatae, danduioso-pilosae; calycis segmenta lanoeolata, glanduloao- 
hirtella; corolla glabra, ochroleuca; eapsula glabra; semina plana, muiicata. 

Branched herbs, suffrutescent at base; stems erect or ascending, up to 20 
cm long or more, subterete, glandular-hirtellouB or the older parts glabrate; 
leaf blades ovate, 8 nun long, 0 mm wide, obtusish and minutely ajnoulate 
at apex, truncate at base, serrate, ^landular-hirtellous; petiolra slender, 
about 5 mm long, glandular-pilose; spikes numerous, up to 2.6 cm long and 
1 cm in diameter; bracts closely imbricate, rhombic, up to 6 mm long, 3 to 
4.5 mm wide, acute or obtuse at apex, minutely apioulate, narrowed at base 
to a short petiole (2 mm long, 1 mm wide), senate, with one to three teeth 
on each side, 3-nerved, glandular-hirtdlous; biactlets linear-lanceolate, 0 
mm long, 1 mm wide, densely glandular-pilose; calyx 5-parted, the seg¬ 
ments lanceolate, 3.5 mm long, 0.5 mm wide, glandular-hirtellous; corolla 
about 8 mm long, glabrous, cream-colorcd, the tube 3 mm long, slender, the 
segments (4) obovate, subequal, 3 to 3.5 mm wide toward apex, obtuse; 
stamens 6 mm long, the filaments slender, glabrous, the anthers purplish; 
capsules clavatc, 3 to 4 mm long, 2 mm broad, glabrous, 4-6eeded, the seeds 
flalL muncate. 

Type in the herbarium of the Field Museum of Natural History, no. 
081016, collected at Champerico, Department Retaihuleu, Guatemala, in a 
dry thicket at sea level, February 26,1030, by Paul C. Standley (no 66612). 
An isotype is in the U. S. National Herbarium (no. 1700340). 

In fseneral aiipearance A. serrota is similar to A longtpet, but is readily dis¬ 
tinguished by its serrate bracts and its smaller and more glandular leaves. 

Averia longipes (Standi.) Leonard, comb. nov. 

Drejerella Icngivea Standi^, Field Mus. Publ. Bot. 8 : 47. 1030. 

The type, collected at Chichen Itsa, Yucatan, February 27-28,1800, by 
C. F, Millspaugh (no, 1621), is at the Field Museum (no. 437703), as also 
another specimen, collected at Buena Vista by Q. F. Gaumer in 1800. 

Megalostoma Leonard, grn. nov. 

Sect. Louteridieae. Calyx 5-partituB, irregularis, coriaceus, sementis 
lateralibuB falcatis, anterioribus angustismmis; corolla bilabiata, labiis late 
apertis, labio superiore angusto, erecto, inferiore cochleariformi; stanuna 2; 
antherae sagittatae. Frutex; paniculae laxae terminales. 

Type species, M. mridetcena Leonard. 

The genus Megaioatoma has apparently no close affinities, although its 
irregular coriaceous caln and tubercular pollen grains suggest a possible 
relationship to LouUridtum Wats. The name Megaloritma alludes to the 
widely open corollas. 

Megaloftoma virldesceiu Leonard, sp. nov. 

Frutex, ramis glabiis^ subquadrangularibus, angulis anmste alatis; lanuna 
foliorum oblongo-elliptioa, acuminata, basi angustata, i^imra; petioli tenues; 
paniculae laxae, secundae;^ calyx glaber, segmento posteriore elliptico, ob¬ 
tuse, lateralibus lanceolatis, suba^tis, anterioribus angustissimis; corolla 
virioescens, glanduloso-pub»scens: ovarium glabrum. 

Shrub, up to 2.5 meters hign; branches subquadrangular, narrowly 
winged, glabrous, the oystoliths subpunetiform; leal blades oblong-elliptic, 
up to 12 cm long and 6 cm wide, slenderly acuminate at apex (the tip often 
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curved), narrowed at base, glabrous, blackish in dried spedmens, the oysto- 
Uths obscure; petioles slender, up to 6 mm long; flowers relatively few, 
seound, borne m loose terminid panicles; bracts leaflike, soon deciduous; 
calyx segments 1.5 cm long, the posterior segment elliptic, 7 mm wide, ob¬ 
tuse, the lateral pair lanceolate, 5 mm wide, acutish, falcate, the anterior 
pair narrowly lanceolate, 1.5 nun wide, all glabrous, coriaceous, blackish in 
dried specimens; cofolla greenish white, glandular-pubescent, the lips about 
2.5 cm long, entire, the upper hp linear-oblong, a^ut 5 mm wide, obtuse, 
erect, the lower about 16 mm wide, obtuse, cochleariform; stamens equaling 
the corolla lips, the anthers 7 mm long, acute at the base, the sacs parallel; 
pollen grains ellipsoidal, tubercular, with an equatorial row of pores (“Stach- 
elpollen”); style as long as the stamens, reclining in the lower lip of the co¬ 
rolla; ov^ glabrous; capsule not seen. 

Type in the herbarium of the Field Museum of Natural History, no. 
9009^, collected at Escoba, across the bay (west) from Puerto Barrios, 
Department Isabal, Guatemala, in a wet forest near sea level, 3,1039, 
by Paul C. Standley (no. 72948). Nos. 72806 and 73026 of Mr Standley's 
collection, with identical locality data, are the same. 

Remar^ble for its widely divergent corolla loben, spreading at a right 
angle, which bear a fanciful resemblance to the yawning mouth of a pelican. 

ENTOMOLOGY. —The ovipoaition habita of the Eueharidae {Hymen- 
optera).^ Cubtis P. Clausen, U. S. Bureau of Entomology and 
Plant Quarantine. 

The Eueharidae are a family of small wasps that are parasitic upon 
the mature larVae and the pupae of ants. This limitation in host pref¬ 
erences to a single family or superfamily, whichever status is given to 
the group, is in sharp contrast to the wide host range of related fami¬ 
lies of the Chalcidoidea. The family is world-wide in distribution but 
is encountered most frequently in the Tropics. The adults are black, 
metallic blue, or green, often with the thorax distinctively sculptured, 
and many species have the scutellum variously modified, in may spec¬ 
ies it being produced into a conspicuous bifurcate process that may 
extend beyond the tip of the abdomen. Not only are they conspicuous 
and often weird in form, but the habits and relationships of these in¬ 
sects to their hosts are so unusxial and varied as to be outstanding, 
even in an order in which the most diverse adaptations to the parasitic 
mode of life are found. 

The first studies on the biology and habits of the Eueharidae were 
by Wheeler (1907), who found several species of Oraaema associated 
with ants of the genera PheidbU and Solenopaia in Texas and Colorado. 
He reared several successive "broods” of 0. viridia Ashm.* upon 
PheidoU inatabilia Emery and described and figured the larval instars 
> BeoelTed Augurt 10,1040. 

* Aeeordlng to A. B. Gahan, the epedee here referred to ie probably Ontama vkmIaH 
Wheeler aad not the true ririmi Aihm. (Bee Proo. U. 8. Nat. Mue. SS: 4M. 1040.) 
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and the pupa. Oviposition was not observed nor were the eggs found, 
yet BO certain was be that these must be placed directly upon the ant 
pupae that he described in some detail the manner in wUch the female 
was presumed to accomplish this act. The conclusions reached were 
entirely logical on the basis of what was then known regarding the 
habits of parasitic insects. 

A few years later H. 8. Smith (1912) presented a detailed account of 
the biology of Perilampus hyalinua Say, of the family Perilampidae, 
which is closely allied taxonomically to the Eucharidae. Here again 
the act of oviposition and the egg were not seen, but the first instar 
larva proved to be identical in general characters with that of Oro- 
sema. These planidia {dimunitive wanderen) differed from other 
known parasitic h 3 rmenopterou 8 larvae in the possession of a fusiform 
body and a highly sclerotized and darkened integument. Because of 
the form and habits of the planidium of Peritampw, Smith was con¬ 
vinced that oviposition did not take place directly in or on the host, 
and he believed that the eggs were more probably deposited upon the 
food plant in the vicinity of a colony of hosts. In discussing Wheeler’s 
observations on Oraaema he pointed out the similarity in form and 
habits of the larvae with those of PerUamjms and suggested the proba¬ 
bility that oviposition takes place entirely outside the ant nest. Smith 
was able later (1917) to verify the leaf-ovipositing habit in P. chryso- 
pae Cwfd., and this discovery served to stimulate interest in the habits 
of the two families. 

The first discovery of the oviposition habits of a species of Euchari¬ 
dae was purely accidental. During the course of a study of the insect 
fauna of wild cotton in Arizona, Pierce and Morrill (1914) chanced 
to observe two females of Chalcura arizonenaia Cwfd. with their ovi- 
praitors inserted in apparently healthy blossom squares of this plant. 
Upon later examination these squares were found to contain masses of 
minute eggs immediately beneath the points of insertion of the ovi¬ 
positors. This record was entirely overlooked by later workers, and it 
was not until the writer’s account of the habits of (Schizaapidta) Stil~ 
bula tenuicomia (Ashm.), published in 1923, that the plant-ovipositipn 
habit became generally ^own. Since that time observations have 
been made upon the oviposition habits of 7 additional genera and 12 
species occurring in various parts of the world,* and several other in- 

■ The writer ie indebted to A. B. Qahon, of the U. 8. Bureeu of Bntomology end 
FUnt Quarantine, for the determination of ipeeies and for the deeoriptiona of thoee that 
have proved to be new (Proo. U. 8. Nat. Mub. 88 : 435-488. 1040). In a forthcoming 
pubUoation (BnUmopkoffout inMcU, New York) a short account is pven of the biology 
and hMU of the family. At the time of submission of the mannsoript the names of 
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vestigators have added to our knowledge of thu eubjeot, so that it ie 
now possible to present an account of several of the principal oviposi- 
tion habits of the family. In every instance it has been found that the 
eggs are deposited entirely apart from the host, that the association 
with plants for this purpose is obligatory, and that a wide range exists 
with respect to the manner of deposition of the eggs and the part of 
the plant on or in which they are placed. 

As an aid to others who may be interested in studying the habits of 
the family, it may be mentioned that the oviposition habits can be 
readily and quickly determined by observations on females in the 
field. They oviposit almost immediately after leaving the ant nest and, 
because of their limited and relatively slow flight, can be followed 
until they alight upon the plant that is to receive their eggs. The 
elapsed time from emergence to oviposition is usually less than 1 hour. 
Botanical gardens provide exceptional opportunites for the study of 
the Eucharidae, as the variety of plants grown there insures that some 
will be present that are suitable for oviposition by such species as may 
occur in that locality. Also, the ant population is usually relatively 
high and of many species. The Botanical Garden at Peradeniya, Cey¬ 
lon, was especially fruitful and yielded three species in abundance 
during a short visit there in February 1930. 

OVIPOSITION PLANTS 

In Table 1 are given the species of which the habits are known and 
the plant or plants with which each one is associated for oviposition. 
The records are based on the author’s observations unless otherwise 
indicated. 


PABT OF PLANT UTILUIID FOB OVIPOSITION 

The part of the plant utilized for oviposition varies with the species 
and may be the overwintering buds, opening flower buds, steins of 
blossom clusters, seed pods, or leaves. The variations in habit, in rela¬ 
tion to the part of the plant that serves to receive the eggs, are here 
discussed under the following headings: 

1. In overwintering bude. The single species that is definitely known 
to pass the winter in the egg stage is Stilbula tenuicomie of Japan and 
Chosen, which plac«i its eggs in the overwintering buds of mulberry 
(Fig. 1) and, to a lesser extent, in those of chestnut, oak, birch, and 

GaIuui's aew Bpeoiet wm not avnUnble. nnd terml wett roforred to under the generic 
nune only. These ate now udgned as follows: PtilogatUr sp. from Mala^ ■ P. ofitm- 
fudtis Qahan; Poraptilofaiier sp. from Ceylon^P. loeviem Qaha^ XticAorusp. from 
ChoMn^iP. wvteUflfHsuahan;andiSTdkiioiipufiasp. from Malaya^dr. mOsnfiatoQahan. 
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Fig. 1.—A mulberry flower bud out ewey to ihow two egg maesee of Stilbvla tonut- 
eeniM (Ashm.). Fig. 2.—A eeed, with fully expanded illumes, of Pioii JUsraetotdM Tar. 
smnuloM bearing a maw of eggs (JV.if.) of Stilbvla eynifitnmU Rossi (from Parker, 
1»87). Fig. 8.—A portion of al^ showing, on its under side, the paired rows of ovipo- 
sltion soars of Loioanoi uiehanooi Ishil (from Ishll, 1232). Fig. 4.—A group of eggs of 
Pttlogatier anUnnatuB Gahan upon the leu surface surrounding a freshly deposited egg of 
Safsnmrtpf mbroeinUuB. Fig. 5.—A flashy leaf showing the serpentine lines of OTiposi- 
tlon soars of SehiMtupidia anUnntUa Qahan. Fig. 6 —A dlagrammatio section through 
a fleshy leaf showing (a) a group of three eggs of ParapBUo/osiBr lamicepi Oahan and 
(6) a mup of four egp of SikiMOspidia anUnnaia Qahan in their eharaoteristio position 
reratIng from the insertion of the curved ovipositor at a sharp antf e to the leaf surface. 
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These eggs remain therein until the following spring, when the buds 
expand and the great majority of egg masses fall to the ground with 
the bud scales. A portion of the buds die, however, and the scales 
draw apart somew'hat, thus permitting the escape of the larvae, which 
hatch from the eggs during July and early in August. 

2. In expanding leaf and flower buds. A number of species, repre¬ 
senting several genera, utilize the expanding leaf and flower buds of 
various plants for oviposition. Ettcharis sctUellaria of Chosen, which 
oviposits in those of a trailing vine of the genus Cebatha, may even de¬ 
posit her eggs in fully opened blossoms. Less than 50 eggs are placed 
in the center of each one, and consequently each female visits a con¬ 
siderable number of blossoms before oviposition is complete. Kapala 
furcata oviposits similarly in the flower buds of another vine, of the 
genus Mikania, and of an undetermined species of Amaranthaceae. 
A colony of this parasite was found inhabiting the small plot of open 
ground immediately in front of the main laboratory building on Barro 
Colorado Island, Panama Canal Zone. 

Chalcura arizonenaia deposits its eggs in the blossoms of wild cotton 
in Arizona, while C. depnvata of Ceylon does so in the leaf buds of jak 
fruit, though some individuals were seen to utilize the expanding 
flower buds of croton and Cordia. StiUnUa manipurenna of Assam 
places its eggs in masses beneath one of the outer scales of the large, 
loosely formed buds of Flamingia (Clausen, 1928). Schizaapidia con~ 
vergena deposits them in clusters of a few hundred beneath the outer 
scales of leaf buds, and occasionally in the flower buds also, of jak 
fniit in Ceylon, and usually high up in the tree. Buds containing egg 
masses can frequently be recognized by the presence of a curled ribbon 
or thread of white congealed sap, several millimeters in length, at the 
point penetrated by the ovipositor. In all these species the incubation 
period is relatively short, covering not more than two weeks, but be¬ 
fore hatching takes place the bud scales and petals fall to the ground 
and carry the great majority of eggs with them. 

S, In seed receptacles. Parker (1937) describes the oviposition of 
Slilbula cyniformis in the seed heads of a small composite plant of the 
genus Pierie in southern France. The eggs are deposited en masse 
among the bracts or adhering to the outer layer of seeds. As the seed 
head opens the plumes of each seed expand and the seed, with its 
burden of eggs (Fig. 2), is blown away. Inasmuch as oviposition takes 
place only during August, it is possible that this species, like S. 
tenuicomia, passes the winter in the egg stage. After completion of 
oviposition the female often dies with her ovipositor still inserted in 
the seed receptacle. 
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In incisions in leaf tissue. The females of Schizaspidia antennata, 
the commonest of the eucharid species observed at Kuala Lumpur, 
Federated Malay States, usually deposit their eggs in pairs, but at 
times in groups of three or four, in incisions in the under sides of the 
fleshy leaves of Eugenia, MedineUa, etc. These punctures are evenly 
spaced about 1 millimeter apart and are made in serpentine rows over 
the leaf (Figs. 5, 6, b). When the trees are in bloom oviposition is fre¬ 
quently in the fleshy stems of the blossom clusters rather than in the 
leaves. Parapsilogaster laeviceps shows a pronounced preference for the 
half-grown leaves of jak fruit, the eggs are laid singly in incisions on 
the under side, usually near the leaf margin, and the incisions are 
made somewhat at random rather than in rows. 

In July 1932 J. C. Bridwell showed the writer a colony of Orasema 
coloradensis at Barcroft, Va., that was restricted to a very limited area 
along a railroad right-of-way and bordering a wooded area. The fe¬ 
males were seen to be ovipositing in the younger leaves of the small- 
leaf pencil-flower, Stylosanthes hiflora, and also occasionally beneath 
the bud scales of the large-leaf Jersey tea, Ceanothus americanus 
(determinations by Dr. S. F. Blake). In the pencil-flower the eggs 
are placed singly or in pairs in incisions in the under sides of the 
younger leaves, between the parallel veins. While there may be several 
punctures in a row, yet because of the small size of the leaf any distinct 
linear or serpentine arrangement of the punctures is prevented. An 
elongate area of leaf-tissue about the puncture becomes discolored and 
dies. In the limited area inhabited by this colony practically every leaf 
of the pencil-flower contained one or more eggs, and the numerous 
areas of dead tissue gave the plants the appearance of being diseased. 
0. smithi oviposits in the same way, but this species is distinctive in 
that it oviposits only in the upper sides of the leaves and limits itself 
to those within 2 feet of the ground. Kapala terminalis likewise ovi¬ 
posits in the upper rather than the lower sides of the leaves. 

Ishii (1932) describes the somewhat similar leaf-ovipositing habits 
of two species from the Philippine Islands. The females of Kapala 
foveateUa place one to four eggs in each incision in the lower sides of 
the leaves of Olincidia and Leucaena. The oviposition punctures made 
by Loshanos uichancoi on the under sides of the leaves of Cettis and 
Leucaena occur in two short parallel rows, each row comprising five to 
ten punctures. This oviposition in a double rather than in a single row, 
as is the habit of other species, is an interesting variation, but unfor¬ 
tunately the author does not describe the manner in which it is accom¬ 
plished. His illustration (Fig. 3) indicates that the two rows of eggs are 
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deposited Bimultaneously, the ovipositor apparently being inserted 
alternately right and left as the female moves forward. 

5. At random on leaf aurface. This oviposition habit was first ob¬ 
served by Ishii in the case of Parapailogaster montanva at Los Banos, 
Philippine Islands. The eggs are deposited horizontally on the under 
sides of the leaves of Sandricum and Premna, and, when abundant, they 
give a white, powdery appearance to the leaf surface. A species of Xo- 
pala found in Cuba, and not distinguishable in the adult stage from K. 
terminalis, oviposits in the same way upon the leaves of Tragia volvJbi- 
lia. A female normally deposits her entire quota of eggs upon a single 
leaf, and each of these may bear many thousands of eggs. She walks 
about very slowly over the leaf, tapping its surface rapidly with the 
tip of the ovipositor, and one or two eggs are extruded each time. 
Leaves bearing fully incubated eggs appear as if covered with a fun¬ 
gous growth, the slender egg stalks resembling hyphac and the deep 
amber-colored egg bodies the conidia. These species, and Pailogaaier 
arUennatua, are among the very few Chalcidoidea that deposit eggs of 
the stalked type in such a position that they are completely exposed. 

6. Upon leaf aurface aaaociated with thripa egga. One of the most 
striking and highly specialized adaptations in oviposition in the 
Eucharidae was observed in the Malayan Pailogaater arUennatua, 
which was collected in some numbers in January 1030 near Kuala Lam- 
pur. The eggs are placed vertically, regularly spaced and in numbers 
up to 100, in the inunediate vicinity of a freshly deposited thrips egg 
(Fig. 4). Under cage conditions oviposition could not be secured in 
the absence of these eggs, and the relationship appears to be obliga¬ 
tory. The thrips species concerned, Selenotkripa rubrocindtu (Giard), 
was found commonly only on mango and Erythrina foliage. The 
thrips female partially inserts the egg in an incision in the under side 
of the leaf and covers it with a mass of excrement. The female para¬ 
site is attracted to the egg itself rather than to exorementous covering. 
The parasite’s association with the foliage of the two trees mentioned 
is believed to be incidental and it very probably will be found to 
frequent any type of plant which bears an infestation of Sdevudhripa. 
The presumed ant host of Pailogaater is not known, so it is impossible 
to give any convincing explanation of this association with thrips. 
Several species of the genus have been reared from Myrmeda and 
Pheidole, so there is little basis for believing in any radical departure 
in host preferences. The association with thrips undoubtedly relates 
to phoresy, as the eggs hatch simultaneously with those of the carrier 
and the planidia attach themselves to the young thrips larva as soon 
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as it emerges from the egg and are carried about until the first molt of 
the latter. Were the thrips attended by ants, or carried into their 
nests, the relationship would serve a definite and obvious purpose, but 
such is not the case. 

The number of species for which information is available regarding 
their oviposition,habits is still too small to warrant any generalisa¬ 
tions, and in all probability other and perhaps radical departures from 
those discussed will be foimd. In examining the data given in the pre¬ 
ceding paragraphs it is seen that there is little uniformity in habit even 
among species of a genus. ParapHlogcuter laaricepa places its eggs in 
incisions in leaf tissue, whereas P. montantia deposits them at random 
on the leaf surface. KapcUafoveaieUa and K. terminahs oviposit in leaf 
tissue, K. fuTcaia in the expanding blossom buds of a vine, and an 
tindetermined species of Kapala places its eggs loosely upon the leaf 
surface. StiUnUa tenuicomis oviposits in overwintering leaf and flower 
buds, S. manipurensta in expanding flower buds, and S. cyntformia 
in seed receptacles. The three species of Orcuema are, however, con¬ 
sistent in placing their eggs in incisions in leaves. 

MANNER OF OVIPOSITION 

The species of StilbiUa, Kapala, Ewharia, Chalcura, and Schtza- 
apidia th&i deposit their eggs in buds or seed receptacles have a uni¬ 
form manner of oviposition. The female penetrates the scales or cov¬ 
ering by a downward thrust of the ovipositor, and full penetration of 
a bud with heavy scales may require 5 minutes or more. In no instance 
has a female been seen to insert the ovipositor between the scales. 

Two distinct methods of oviposition are found among the species 
that oviposit in leaf tissue. Parapailogaaler laevieepa (Fig. 6, a) and 
Oraaema coloradenaia merely puncture the leaf tissue by a perpendicu¬ 
lar thrust of the straight ovipositor, and consequently the perforation 
in the epidermis is found at the center of an area of dead tissue, which, 
within a few days, becomes about 1 millimeter in diameter. Sehizor 
apidia arUennata, however, has a much heavier ovipositor, which is 
distinctly curved downward, so that when it is lowered preparatory 
to oviposition the tip is directed forward. Insertion into the leaf is 
consequently effected by a forward pull rather than by a backward or 
downward thrust. After being inserted to the proper depth in the 
fleshy leaf tissue, it is swung from side to side throuf^ an arc of about 
45^, with the base held stationary. This results in the formation of a 
fan-shaped recess within the leaf, in which two to four eggs are placed 
(Fig. 6 , b). On leaves in which eggs have been deposited several days 
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previously the area of dead tissue is almost entirely posterior to the 
surface incision. 

It has been mentioned that Schizaapidia antennata oviposits also in 
the heavy fleshy stems of the flower clusters of certain trees. At these 
times it often happens that the eggs are deposited externally rather 
than embedded in the stems. The tissues of the stem are very soft and 
tender and offer very little resistance to the ovipositor. It is inserted 
transversely to the axis of the stem but, because of its curvature, the 
tip breaks through the surface farther on, thus m a kin g a double per¬ 
foration of the epidermis such as is done with a curved surgeon’s 
needle. The eggs are then extruded from the ovipositor and only the 
slender anterior stalks remain embedded in the puncture. 

Orasema amilhi inserts the ovipositor in the same way as Schiza¬ 
apidia arUennata, and its incisions are readily recognized by the tri¬ 
angular form of the surface puncture. The single egg deposited at each 
insertion is found at the anterior end of the cavity rather than at the 
center. 

The female of Pailogaater anlennatua makes a very minute puncture 
in the epidermis of the mango leaf and embeds the pointed posterior 
tip of the egg therein so that it is firmly held in an erect position, with 
the anterior stalk turgid and straight. 

The form of the incision and the cavity produced in the plant tissue 
are thus seen to differ among species and they permit of provisional 
recognition in the field. An examination of the ovipositors of the fe¬ 
males often gives a clue to the manner and place of oviposition. A 
heavy curved ovipositor points to oviposition in succulent leaves and 
stems whereas one which is long, straight, and slender indicates that 
the eggs are probably placed in buds or seed pods. 

SUITABILITY OP DIFFERENT PLANTS FOR OVIPOSITION 

The suitability or otherwise of a plant for oviposition by Eucharidae 
appears to be governed mainly by the physical qualities of the part 
in which the eggs are placed, rather than by definite attraction. 
StiUmla tenuicomia, a bud-ovipositing species, favors mulberry in 
northern Japan, but it also oviposits to a lesser extent in chestnut, 
birch, and CfodrostM,* while in Chosen it was seen to do so in the buds 
of oak. These buds have certain qualities in common. The scales, while 
firm, are not too hard for penetration by the ovipositor, the interior 
of the bud has at least a small amount of free space in which the eggs 
may be placed, and the sap is nonresinous. The adults of this species 
are present in the field for only about three weeks each year, and they 
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consequently are limited in oviposition to such trees as have their buds 
fully formed at that time. The same requirements are encountered 
among other species, such as S. q/niformts, which oviposit in seed 
receptacles. 

Among the leaf-ovipositing species, those that insert the eggs in 
incisions in the tit^ue restrict themselves to plants having leaves with 
certain physical qualities. When one surface is punctured the wound 
must remain permanently open to permit of the later escape of the 
larvae. This rules out the plants that exude appreciable amounts of 
sap from leaf wounds. Plants with rather fleshy and smooth leaves, 
such as Artocarpua, Citrus, and Codiaeum, are most frequently chosen. 
The two leaf-ovipositing species observed in Ceylon, representing the 
genera Parapailogaater and Chalcura, both deposit the great bulk of 
their eggs in Artocarpua. Oraaema amiihi and Kaptda terminalta, which 
were found in the same habitat at Iloyo Colorado, Cuba, both ovi¬ 
posit in the leaves of Casearia. 0. cohradenaia, however, chooses the 
small and very delicate leaves of StyloaarUhea. The collection notes of 
C. F. Baker, given by Gahan in his discussion of 0. wheeleri Wheeler, 
show three collections on separate dates on Enogonum at Fort Collins, 
Colorado. It is quite possible that the females were ovipositing in 
the leaves of that plant. 

In the temperate regions, where the various species apparently have 
only a single generation each year and the adults are present for only 
a very short period, the number of plant species that serve for oviposi¬ 
tion is at a minimum and a single one may suffice. That chosen in one 
locality may differ from the one favored in another. Some of the 
tropical Eucharidae, most of which are assumed to have overlapping 
generations throughout the year, may change their oviposition plants 
with the seasons. This is of most probable occurrence among those 
that oviposit in buds, particularly flower buds, and seed receptacles. 

The above generalization regarding the factors influencing the 
choice of plants for oviposition apparently does not hold true with 
species that deposit their eggs in expanding flower buds, and some, 
at least, exhibit a strong response to what is apparently an odor stimu¬ 
lus. The most striking example of such a reaction was observed in 
Eucharia aeutellaria, which places its eggs in the flower buds of Cebaiha 
orbtculata. A sprig of this vine held near an ant nest from which 
Eucharia is emerging will attract all females in the vicinity within a 
few minutes. If shaken off they immediately return to the buds and 
cling to them tenaciously. The males, however, are not attracted to 
these buds. 
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Only two flpeoies are known to deposit their eggs at random on the 
leaf surface, but in these instances the plants favored for oviposition 
have leaves with a hairless and glossy under surface. 

RATE OP OVIPOSITION 

The total egg capacity of the fenmles of the Eucharidae ranges from 
a minimum of about 1,000 to a maximum of 10,000 or more. The eggs 
are very minute, seldom exceeding 0.2 mm in length even in the larger 
species, and those of the smaller species may not exceed 0.1 mm. The 
smaller total given above is for Sttlbula tenuicornis, which deposits 
the entire lot en masse in a bud during an elapsed time averaging 20 
minutes. This is at the rate of one egg a seeond, and consequently 
they must flow from the ovipositor in virtually an unbroken stream 
during this period. Where the parasite population is high, as in one 
locality near Koiwai, Japan, several of these masses are deposited in 
each bud, and one rather sparse mulberry bush 7 feet in height was 
estimated to contain 4,320,000 eggs. One bud was found to contain 
24 egg masses. Because of the limited space available in the bud a 
high pressure must be exerted by the later females in forcing their 
eggs into the bud, and instances were seen where previously deposited 
eggs had been forced out through the older ovipositor puncture holes 
in the bud scales. The most striking illustration of such pressure was 
observed in S. mampurenats. One Flamtngia bud showed a “ribbon” of 
eggs 2.5 mm in length and 1.0 mm in width that had been forced out 
from beneath the margin of a bud scale at a distance of 2 mm from 
the point of insertion of the ovipositor. 

An undetermined species of Kapala from Cuba, which deposits its 
eggs at random on the leaf surface, has an exceedingly high egg capac¬ 
ity. One female deposited a total of approximately 10,000 eggs during 
a period of six hours. While the rapidity of deposition does not equal 
that of StiUnUa, yet the total is much greater. Parker (1937) mentions 
the possibility of the production of 10,000 to 15,000 eggs by each 
female of Stilbula cymformis. 

In general it is the habit of the species that deposit their eggs en 
masse to complete oviposition the day of emergence from the host 
nest, and this appears to be true also of those that place them at ran¬ 
dom on the surface of leaves. Those that insert them singly or in small 
groups in leaf tissue are more deliberate in their oviposition activities 
and this may extend over one week or more. The number of eggs de¬ 
posited each day is consequently only a few hundred, though a female 
of Sdiizaapidia arUennaia was seen to make 10 to 12 insertions of the 
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ovipositor a minute, which represents a deposition of about 30 eggs 
during that period. In other species, however, the interval between 
insertions is much longer. 
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ENTOMOLOGY.— A genua of hiatend beetlea new to the United 
States.^ Rupert L. Wenzel, Field Museum of Natural History. 
(Communicated by Edward A. Chapin.) 

During the summer of 1938, I had occasion to visit the U. S. Na¬ 
tional Museum and to examine briefly the Histeridae of that institu¬ 
tion’s collection. A specimen collected in Texas and determined by 
Herbert S. Barber as Reninua aalvini Lewis was called to my attention. 
Reference to the original description of that species revealed a dis¬ 
crepancy between the specimen and the description; however, on the 
basis of notes made by Dr. Gilbert J. Arrow, of the British Museum, 
who kindly examined the type, there can be no doubt that the Texas 
example is to be referred to that name. Since the genus Reninua has 
not heretofore been known from America north of Mexico, a generic 
and species description are given here. Acknowledgment is due Dr. 
Edward A. Chapin and H. S. Barber for their kind cooperation in 
making the specimen available for study. 

Genus Renlnus (s. str.) Lewb 
Reninua Lewis, 1889, p. 275. 

Renta Lewis, 1885, p. 467. 

Form oblong-ov^, moderately convex. Head with a marginal carina on 
each Bide of the epistoma, the carina continuouB with the supraorbital stria. 
Labrum transverse, its anterior margin straight or with a slight production 
inferioriy. Antennae with nine articles, the club consisting of a “single" 
article, which is strongly sclerotised at base and densely pubescent at apex; 

> Received July 25, 1940. 
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flagellum articulated laterally to the antennal acam, which is angulately 
swollen distally. Pronotum transverse, anterior angles obliquely truncated; 
mai^al pronotal stria present, lateral pronotal stnae absent. Elytral striae 
carinate. Propjrgidium transverse, hexagonal, nearly twice as broad as long. 
Pygidium subcircular, nearly vertical Prosternal keel striate, basal margin 
d^ply, angulately incised; prosternal lobe broad. Antennal cavities deep, 
visible, from beneath. Mesosternum very short, consisting of little more than 
a strongly angulate process, which fits into the ineis^ prosternal base 
Tibiae rather strongly expanded; all the tarsal grooves distinct, straight, only 
their inner margins well defined Outer margin of anterior tibiae broadly, 
evenly arcuate, multidenticulate, the denticles fine, short, spinelike. Outer 
margin of middle and posterior tibiae more or less angulate, denticulate as 
in the anterior tibiae. All the tarsi of five articles, ultimate article bearing 
two claws 

OenotyjK.—Reninus meltculoms Lewis, 1885, p. 467. 

Accoi^ing to Reichensperger (1635, p. 26), the genus Brachylialer Bick- 
hardt (1917, p 234) should be placed under Rentnua and is not to be ac¬ 
corded any higher ranking than that of a subgenus. The arguments in favor 
of this arrangement are well founded, and it will probably be most satis¬ 
factory to follow it 



Fig 1 —Rentnus talvtni Lewis; View showing gross structure of 
under side of prothorax 

My diagnosis of Reninus would undoubtedly be of more value if it were 
based on all the species known; however, since many of the forme are un¬ 
available, the description is based on characters known to mo, and it will 
serve to separate R. salmni from the species of other North American histerid 
genera. 

Reninus belongs to the tribe Hetaeriomorphini of the subfamily Hetacri- 
inae and may be separated from the other North American genera of the 
tribe as follows: 

1 . Elytra with dorsal striae. ... .2 

Elytra rather densely punctate, without dorsal striae. . .4 

2. Anterior margin of mesosternum deeply emarginate to receive the pro- 

stemal base; anterior tibiae subcircular; a lateral pronotal stria present 
.... ... . YarttusUr Wensel (1939, p. 391) 

Anterior margin of mesosternum produced (feebly in Ulkeus), the meso* 
sternal process received in the emarginate prosternal base; anterior 
tibiae not subcircular, though they may be strongly^ expanded; pro- 
Dotum without a lateral stria in addition to the maiynal atria.3 
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3. Pronotum without a lateral nbboua area; anterior margin of meBostemum 

strongly, angulately produced, the process receiv^ in the strongly 
emai^nate prostemal base; elytra without rows of tnchomes along the 
striae . . Rentnua Lewis 

Pronotum with a longitudinal gibbous area on each side; anterior margin 
of mcsosternum feebly, obtusely produced (nearly truncate); elytra 
with rows of trichomcs along the striae. UVeeua Horn (1886, p. 143) 

4. El}rtra without dorsal stnac, rather densely punctate; pronotum gibbous 

at the sides, the gibbous area divided into distinct eushionlike lobes; 
anterior margin of mcsosternum produced and received in the angu¬ 
lately emarginato prostemal base... . Terapus Marseul (1862, p. 6W) 

The tribe Hetaeriini (composed in North America of the genera Echinodea 
and Hetaenua) may bo separated from the Hetaeriomorphini by the condi¬ 
tion of the antennal club, which is oval in the latter tnbe; in the Hetaeriini 
the club is cylindrical and truncated at tho tip, the truncated tip being 
densely pubcMont. 

Renlnus salvini (Lewis) Fig. 1 


Rerna aaUnm Lewis, 1888, p. 220, pi. 8, figs. 6, 7. 

Remnua aakint Lewis, 1906, p. 52. 

Form oblong-oval, moderately convex. Color deep reddish brown, shining. 
Head, labrum, and mandibles with fine, sparse, setigerous punctures, those 
of the mandibles aciculate. Mandibles and vertex of head with a few fine 
rugae. Supraorbital stria distinct but somewhat broken up, continuous on 
each side with the cariniform marginal stria which commences within the 
eyes and extends to the anterior margin of the epistoma. 

Pronotum a little less than twice as wide os long, rather strongly impressed 
on each side near the anterior angles, less stron^y impressed on each side 
near base, sharply, sparsely punctulate throughout; sides nearly straight, 
moderately converging to the tmneated anterior angles. Marginal pronotal 
stria extremely fine, cariniform, complete laterally, interrupted behind tho 
head. 


Elytra sharply, sparsely punctulate throughout. Epiplcura finely strigose, 
with two fine cariniform striae, of which tho outer is short and apical, the 
inner (marginal clytral stria) is very close to tho opipleural margin basdly 
but extends dorsally to transversi* the cpipleural fossette on apical two-thirds, 
and from thence extends half way across the elytral apical margin. External 


subhumeral stria complete, cariniform, strongly sinuous, and “fused” with 
the internal subhumom stria for a short distance near tne middle; internal 


subhumeral stria complete, nearly straight, costiform basally, finely carini¬ 
form and close to the nrst dorsal stria near apex, forming the margin between 
the elytral disc and the epipleuron. First dorsal stria complete, cariniform 


basally^ costiform apically; second dorsal stria finely cariniform, very slightly 
abbreviated at apex; thira and fourth dorsal striae finely cariniform, extend¬ 
ing to about apical third, the fourth stria arching broadly at base and re¬ 


curving briefly along the suture; sutural stria absent; internal subhumeral 
stria and the dorsal striae strong, inwardly, transversely hooked at base. 
Propygidium and pygidiiun sparsely punctulate. 

Internum moderately broad, the keel completely margined, the caiinal 
striae finely cariniform^ joined in an arch anteriorly and continuous at base 
along the incised margin; lateral prostemal striae cariniform, divergent and 
ascending, extending to the prostemal lobe; on each side between the carinal 
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and lateral striae are two fino abbreviated striae; prostemum (except the 
enclosed keel) and proatcmal lobe microscopically, densely strigose and 
sparsely, ^ely punctate, the punctures elongate, linear. Prostemal lobe with 
the anterior margin truncate, margined, the marginal stria deep and termi¬ 
nating on each side in deep, elongate foveae. 

Mesostemum very short, strongly, angulately produced at middle; meso- 
metasternal atria slightly anterior to the meso-metastcmal suture, and 
trisinuate, the middle sinuation strongest Metastemum sparsely, remotely 
pimctulate. with four apically diverging striae on each side, these striae 
joined medial to the middle coxal cavity; the innermost stria is straight and 
extends posteriorly one-half the length of the metastemum; the next stria 
is complete and extends to the anterior margin of the posterior coxal cavity; 
the two outer stria are arcuate and extend laterally on the elevated meta- 
stemal sides. Meso- and metathoracic plcuntc^ with a number of strioliform 
punctures. Anterior margin of first abdominal stemite with a complete 
transverse, crenate, marginal stria; within the coxae on each side are three 
cariniform, longitudinal striae of varying length 
Length: 3.5-^.2 mm. Width: 2.7 mm. 

Remarks .—The specimen upon which this description is based was col¬ 
lected by E V. Walters in a nest of Atta texana (Buckley) at a depth of 
between 6 and 10 feet at San Antonio, Tex., January 17, 1936. 

Lewis’s type of this species was collected in an ant nost beneath a stone at 
Atlisca, Puebla, Mexico, but the host was not recorded. Later (1907, p. 105) 
Lewis recorded Aita cephalotes as a host species, and Bickhardt (1917, p. 241) 
gives AUafervena Say (ate). Other i2emnna are known to be attaphiles, and ono 
species (12. meticuloaus Lewis) has boon recorded from AUa nests (A. aexdens, 
fide Reichensperger, loc cit) and from termite galleries (Lewis) The atta- 
philous Histeridae, believed to be chiefly syncchthrans, arc few in number, 
the only other species apparently known from the United States being 
Acritus aUaphtliis Wenzel (\oc. cit, p. 384). 
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ZOOLOGY.—Austrobdella anoculata, a new speciea of fiah leech from 
Greenland.^ J. Percy Moore, University of Pennsylvania. 
(Communioated by Waldo L. Schmitt.) 

In the course of his many expeditions to the Arctic, Capt. Robert 
A. Bartlett has brought back extensive collections of animal and plant 
life from that region. Among the material collected on opposite sides 
of Greenland, seven years apart, he obtained two contracted examples 
of a small marine leech, of which the host is unknown, one from north¬ 
west Greenland between Capes Alexander and Chalon, and the other 
from northeast Greenland. 

I have been unable to harmonize them with the description of any 
species hitherto reported from our northern seas. Except for minor 
differences, they agree with the t}rp>e of Badham’s genus AuelrobdeUa. 
Of the two, the paratype is somewhat less contracted and distorted 
and for that reason was sectioned for study of the internal anatomy. 
The drawings and description are based upon both specimens. 

Austrobdella anocokta, new spedes Figs. 1-4 

Diagnosia. —Similar to A. translucena Badham,* but distinguished by ab¬ 
sence of eyes, abdomen less abruptly shouldered in adult, somites typically 
tri- (sex-) annulate; ^noporcs separated by two annuli, ovisacs short, with¬ 
out prolonged posterior lobes; last pair of gastric caeca with about one-fifth 
of their caudal ends disunited. 

Description.—Body divided into two regions, “neck” and “abdomen,” the 
former snort and subcylindrical, the latter about three times as long, ab¬ 
ruptly wider and moderately depressed. Measurements in millimeters of 
type: Length 4 6, to cf pore 1.0; widths, cephalic sucker (contracted) about 
0.4, at d* pore 0.65, maximum (XIX-XX) 1.8, anus 0.7; caudal sucker 0.9; 
depths not measured but in neck slightly less than widths, in abdomen about 
three-fourths widths. Paratype at same points 6.8,1, 4.7, 0.8, 2.1, 0.75,1.0; 
nmximum depth about 1 4. Cephalic sucker small, about one-half diameter 
of caudal sucker, normally cup-shaped, but so contracted in l^th srocimens 
that ventrally it appears as a thickened annular rim surrounding a deep cen¬ 
tral depression; in dorsal aspect hemisphencal, not definitely wider than the 
first nuchal somites, without obvious markings, only a few very faint traces 
of annuli on caudal part and a few scattered, very minute, sensory papillae. 
Eyes absent, in sections a few pigment granules near middle of head, but no 
pigment cups or visual cells. Mouth seen only in sections as a minute pore 
on the cephalic slope of a slight papilla at the center of the ventral face of the 
sucker. Neck shaiply differentiated from abdomen (mostso in paratype), sub- 
cylindrical, slightly depressed, short, about one-sixth or one-seventh length 
of abdomen, its maximum width about one-seventh that of the widest part 
of the abdomen, increamng dightly in width cephalocaudad but again slimt- 
ly contracted at the clitellum; preclitellar annuli about 13, but irregular, 
some of them double; intermetameric furrows, including the nuchal groove, 

' Received Aoiput 6, 1040. 

' Quart. Journ Mior. Soi. (new ler.) 42; 1. 1010. 




FigB. 1-3 .—AuBtrobdwUa anocviaia. X ca 28. 

1. Annulation in donal aspect as worked out from a oomparlaon of the two Bpeolmenfl. 
In moBt respeoie they agree. Where they differ the one appearing moat normal or 
deareat 1b usually represented, or in other cases the paratype is represented on the 
left, the type on the right side. Somites are numbered In Roman on left side, a, Anus, 

2. Ventral aspect of first 13 segments showing the position of the TOnopores, 

8. Semidiagrammatio representation of the ohief features of the dimtfve and reproduc¬ 
tive organs. The gastric caeca are shown complete on the right side, the nude organs on 
the left side only, a, Anus; of, atrium: da, ductus ejaculatorius; gc 1-7, gastric caeca; 
ie, oaecate intestine; ts, saccate intestine; m, mouth; o, eeophagus; p, pharynx; r, rec¬ 
tum; a, stomach or crop; 11-6, testes of left side; vd, vaa deferens; male gonopore; 
9, femiUe gonopore. 
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generally deeper than the interannular furrows and the only visible external 
metameric character; most somites 3-snnuIatc. Chtellum ill-defined, somite 

X not modified, XI and XII somewhat narrower, about as wide as the firalt 
nuchal annulus, XII embraced at its caudal end bv the anterior fold of the 
wider first abdominal annulus, into which it is sliutly recessed; somites XI 
and XII triannulate dorsally, biannulate ventralTy, the second annulus of 

XI enlarged in the medial ventral field to encroach upon the first annulus of 

XII, and bearing the d' gonopore; on venter all clitellar annuli longer than 
those of the preceding somites; gonopores (Fig. 2) separated by two annuli, 
the d* on the caudal margin of XI a9, the 9 at XII a2/<i3, both small ana 
obscure, csj^cially the female^ which on the type is concealed beneath the 
edge of projecting rim of somite XIII but on the paratype is exposed. Ab¬ 
domen much wider than neck throughout, outline elliptical, the greatest 
width near middle at somites XVII^XX (relatively much wider in the 
type) moderately depressed; cephalic end truncate but not expanded shoul¬ 
derlike, embracing the last clitellar annulus, but prepucal fold only slightly 
developed; caudal end tapered to the sucker, for wUch it forms a definite 
peduncle; no lateral pulsatile vesicles and no other external metameric struc¬ 
tures (nephropores, sensillae) discernible, except that interseginental fur¬ 
rows are usually deeper than the others. Abdominal somites typically 3(6)- 
annulate but some of them definitely 6-annulate with the primary triannula- 
tion obscure, furrows often irregular or incomplete. Anus a well marked pore 
on the caudal peduncle followed by two incomplete annuli. Caudal sucker 
about twice sise of cephalic in all dimensionB, deeply cupped, regular, di¬ 
rected caudad, with about 48 minute maimnal crcnulations; dorsal face 
areolated and divided by faint furrows into three or four obscure concentric 
rinp, each of which bears a circle of very minute papillae which are most 
distinct on the smooth ventral face No natural color remiuna, but the type is 
stained a uniform green, which may be due to preservation in a copper tank 

Annulafton (Fig. l).-k)ften irregular and in places, especially at clitellum 
and caudal end of abdomen, difficult to interpret. On most somites primapr 
and secondary furrows are distinguishable by their relative depth but in 
places this distinction is lost. I-V, cephalic sucker (head), no annuli distin¬ 
guishable except some faint traces of one or two at caudal end. VI 2-aDnulate, 
first annulus (of aS) larger and very distinct, separated from sucker by a deep 
nuchal furrow, the second iaS) very small and not separated ventrally. VII 
2 or 3-annulate, al separated as a very short annulus on paratype, not dis¬ 
tinct on type; furrows irregular and incomplete on both. VIll 3-annuIate, 
similarly irregular, with split and spiral primary annuli. IX and X3-annuIate 
both dorsally and ventrally, aS largest on X with a faint secondary furrow. 
Normally X is first clitellar, but on these specimens apparently not closely 
united with XI externally. XI 2- or 3-annulate, definitely clitellar, (of at) > 
aS with a faint al/at furrow on the dorsum, which disappears on the venter 
where aS is enlarged medially and produced caudad into XII as a small lobe 
bearing the d* gonopore on its caudal margin. XII 2- or 3-annulate, 3rd 
clitellar, similar to XI but shorter, more crowded, and partly conceal<^ by 

XIII, ai less developed than on XI and aS possibly sli^tly subdivided, 9 
gonopore very minute at at/at, beneath prepucal fold on t^. XIII 34n- 
nulate, sharply defined by deep furrows from both XII and XIV and ab¬ 
ruptly lar»r than farmer, with a moderately developed prepucal fold, which 
partly encloses it. XIV and XV 3-annulate, with hS and b6 indicated on both 
paratjrpe and tsrpe by a slightly develop^ oS/b6 furrow and bt and bS on the 
former; owing to contraction the annuli of both crowded together and piled 
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up, making tho region very opaque. XVI-XXII normally 3(6)-annulate. The 
normal condition is* that the three primary annuli are approximatelv equal 
and each divided by shallower furrows into two secondary annuli, but be¬ 
cause of different degrees of contraction of the two specimens and of greater 
or less engorgement of different gastric caeca of the same smeimen there is 
much irremilarity. On the type specimen the triannulate conmtion dominates 
but the shallower secondary furrows arc usually present, especially on the 
more contracted side, where annuli stand out more prominently, but aS is 
rarely and of more frequently undivided. On the paratype XVI to XIX are 
much distended by the large blood-filled caeca, which stretch the integument 
so that it is thin and transparent and the distinction between primaiy and 
secondary furrows is nearly lost (Fig 1). This shows best on XVI and XVII. 
XVIII-XXII more t 3 rpical, all annuli may be equal or a£ smaller and aS 
larger. XXIII-XXV 3-annulatc, but progressively reduced in size and the 
annulation very irregular, especially on the type XXVI and XXVII 2-an- 
nulate, but irregular, the latter much smaller and bearing the anus on tho 
anterior margin of the first annulus. 

^ i 

Fig 4.— AuitrobdfMa anocuhUa'. Dorsal and ventral photo* 
graphic views of type X 

Anatomy (Fig 3).—Some of the internal organs can be seen through the 
integuments sufficiontly to determine their position and roughly their fom, 
but the details were worked out from sections of the paratype m which 
some of the structures were obscured by the engorged gastric caeca. Anat¬ 
omy closely patterned after that of the genotype, A. translncena. Ventral 
nerve ganglia of complete somites in annuli at, chiefly in 6.^. Pharynx with 
medial ventral and paired dorsolateral muscular ridges; salivary glands 
diffuse, of very largo single cells in somites VII-X Gastric caeca seven pairs 
m XIII to XIX, tne first six reaching nearly to the lateral body walls and 
lobed at the ends, the last pair coalesce completely except at the caudal end, 
where the two caeca remain distinct for a longer distance than in A. traru- 
lucena; intestine with two or three pairs of small simple caeca at tho anterior 
end, following which it expands into a wide, simple sac reaching nearly to the 
end of the united gastric caeca and giving rise from its dorsal face a short 
distance anterior to its caudal end to a narrow, tubular rectum which ends 
at the anus. Reproductive organs similar to those of A, tran^ueem except 
that the median chamber of the atrium is relatively smaller and the duct 
shorter; cornu large and sperm ducts with several loose coils at the atrial 
end; testes five pairs at XlV/XV to XVIII/XIX, alternating with gastric 
caeca. Vagina a simple vertiom duct with only a slight enlargement wd not 
expanded into a sac or bulb but encased in a mass of glands; it divides be¬ 
neath the nerve cord into the paired ovarian sacs lacking the narrow duet 
and anterior lobe shown by Bacmm, both ovisacs very short, the one reach¬ 
ing to XIII only, the other to the middle of XIV, both contuning developing 
ova in early stages. 
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Material examined .—^Two specimens, one of which, the holotype,U.B.N.M. 
no. 20573, was obtained in 25 to 40 fathoms between Capes Alexander and 
Chalon, northwest Greenland, by Capt. Robert A. Bartlett, August 2, 1937 
(station 27, seine haul). The other specimen, the paratype, comes from 
northeast Greenland, where it was collected by Captain Bartlett in 1030 
(No. 14). 

Remarka .—Owing to the limited material and its indifferent preservation, 
it has not been possible to arrive at such unequivocal conclusions and to pre¬ 
pare as satisfactory a description as could be wished. Many nominal species 
of fish leeches have been described from Arctic and sub-Arctic waters. Some 
of the early descriptions are so brief and ambiguous that the species to which 
they refer have never been certainly determined. Synonymies are still con¬ 
fused. It is possible that the species here described may belong to one of 
these, but none were found to agree. Concerning the generic reference there 
is little doubt. On a preliminary study it was thought that these leeches 
might belong to Abranchua or OUonia, but externally the form and annulo- 
tion differ from those genera and internally the coalescence of the last pair of 
gastric caeca is sharply differential. 

On the other hand, the resemblance to AuatroMeUa, both externally and 
internally is very close. So far as it could be worked out, the annulation 
agrees closely with that of A. tranalucena Badham. The external form and 
proportions of parts are very similar. Neither of the two specimens is so 
strongly shouldered at the junction of the neck and abdomen as in Bad- 
ham’s most mature individuals. The anatomy of the alimentary canal and re¬ 
productive organs, so far as worked out, is very close in the two species, the 
principal differences being that in the type species the last pair of gastric 
caeca are more completely united at the caudal end than in A. anoculata, and 
that the ovisacs of the latter are not prolonged caudally and have the vaginal 
duct short and simple These ovarian differences may be due to immaturity. 
Owing to the state of the material, a study of the distribution of the sinuses 
was not attempted. 

ICHTHYOLOGY.—Hadropterus palmaris, a new darter from the 
Alabama River Syatem^ Rbbvb M. Bailey. (Communicated 
by Leonard F. Schultz.) 

In a collection of fishes from the Etowah River in northern Georgia, 
six specimens of a hitherto imdescribed species of Hadrojderua were 
taken. Twenty-seven additional specimens from two localities in 
Alabama have been placed at my ^posal through the generosity of 
Dr. Carl L. Hubbs.* This handsomely colored species is herein de¬ 
scribed under the name HadrojUerua palmaria.* 

' Reoeived August S4, 1940. Journal Paper no J79I of the Iowa Agricultural Ex¬ 
periment Station, Amee. Iowa Project no. 601. 

'lam Indebted to Dr. Hubbe for hel^ul suggestions in preparing this paper. 

' Palmmrit^*h prise. 
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HtdropteruB ptlmuis, new speoies Fig. 1 

Brones Dartbr 

Hololype. —An adult male (Univ. Michigan Mua. Zool. no. 126179), 
65.5 mm in standard length, collected in the Etowah River, known locally 
as the High Tower River (tributary to the Coosa River, tributary to the 
Alabama River), just above the bridge at U. 8. Highway 19, 4 miles south¬ 
west of Dahlonem, Lumpkin County, Ga., on August 25,1939, by Reeve M. 
and Marian K. Bfmey (neld no. B39:59). 

Paratypea. —Five si^iraens were taken with the holotypc: U M.M Z. 
no. 1261^ (2), U. S. National Museum no. 117881 (2), Iowa State College 
no. 1 (1). U.M.M.Z nos. 111232 and 111133 (23) collected in Saugahatchec 
Creek (tributary to the Tallapoosa River), Ala., October 24, 1930, by F. E. 
Guyton. U.M.M Z. no. 111234 (4) collected 3 miles east of Tuskegee, 
Macon County, Ala., June 3, 1931, by F. E Guyton 

Dtagnosia —A highly colored species of Hadropierua with moderate sised 
scales, 69 to 73 (usually 60 or fewer) along lateral lino; nam and cheeks fully 
scaled; operclcs imperfectly scaled (especially in adultsL’ and midventr^ 
scales greatly cnlar^ in males. Dorsal XI to XIV-10 to 13, the soft portion 
high; anal II, 7 to 10; and pectorals 13 to 15. Preopercle entire. Gill mem¬ 
branes separated; the distance from their union to insertion of pelvic fins 
0.75 to 0.65 in distance from tip of mandible to union of gill membranes. 
Snout short, 3.6 to 4 4 in head length. No subocular dark bar; dorsolateral 
surface punctated with dark; 2 large light spots at base of caudal. 

Desenphon —The various body proportions (Table 1), fin-ray and scale- 
row counts (Table 2), and the photograph (Fig. 1) indicate clearly many of the 
characteristics of the species The juveniles are seen to differ from the adults 
in their larger eyes, shorter snouts, and the somewhat greater dbtance be¬ 
tween the union of the gill membranes and the tip of the mandible, but 
variations in body proportions within the species appear to be slight The 
apparently broader intcrorbital width in tho Alabama specimens seems to 
be due to preservation. In most of the fin-ray and scale-row counts (Table 2) 
the Alabama and Georgia specimens agree rather closely; but in lateral-line 
scale count the range of variation in the Alabama specimens is greater (50 
to 73) than in those from Georgia (56 to 63) The increased number of pec¬ 
toral rays in the Georgia specimens (average 14 8) as contrasted with those 
from Alabama (average 13.7) is notable. 

The preopercle is entire, the horizontal arm scarcely longer than the verti¬ 
cal arm. The premaxillary frenum is slightly narrower than tho thick, termi¬ 
nal, upper lim and about two-thirds the diameter of the pupil. The moderately 
heavy mandibles are well separated, diverging but little for about three- 
fourths of their length from the symphysis, behind which they flare outwanl 
more sharply. The mandibular frenum is somewhat wider than the prema^- 
lary frenum. The snout is bluntly decurved; the upper cd^ of the upper lips 
is on the level or the bottom of the eye, and the lower jaw is slightly included. 
In I.S.C. 1 the ^-rakers number 3-1-11, of which 1 above the angle and 4 
below are very snort. The longest gill-raker when depressed scarcely extends 
to the base of tho second raker below. In the same specimen the vertebral 
count is 18 +!Sb 41 (hypural included); in the first caudal vertebra no 
haemal spine is develops but the haemal processes are united. The vomer 
bears a strong cluster of teeth, and the palatines are strongly toothed along 
their leni^h. In H. nigrofaaciatua the palatine teeth are few and restricted to 
the anterior portion of the bones. 



TaBLX 1.—MKABtUiaNTB (TaUN with DiTIDXBS) of 10 SpBCIXSNB or HaDKOFTKBUS PALMABIB^ 
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Tabli 2.—FasgusNOT DiarBiBunoNa or Fin-Rat and Soalb Coontb^ on 
Uadboftbbub PALMABiB (tho couxiU of the holotype are Indicated 
by Astensks) 


Locality 

Dorul 

■plnfli 

DoimI 
■oft rmye* 

Anal 

■oft rmy^ 

Caudal 

brmnehed 

ray^ 

11 

13 
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14 
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8 
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15 
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1 

fi* 
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8 

4* 

_ 

_ 
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— 

a 

4* 
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1 
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15 

1 

1 

18 

6 

a 

a 

13 

10 

a 
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10 

7 
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11 
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1 

1 
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B 

1 
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13 

3 
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16 

30 

11 
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35 

6 

6 

4 

8 

13 

a 
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LeeaUiy 

Alone lateral line j 
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50 

D 

61 

H 

03 

64 

05 
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67 

08 
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72 

73 

ao 

31 
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B 

25 
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3* 


■ 

B 

3 


_ 

— 

— 

— 

— 

— 

— 
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— 

a 

i 

R 

1 

— 

Abhama 

1 

5 

i 

I 

1 

5 

a 

a 

1 

1 

a 

1 

— 

— 

1 

1 

0 

■ 

IQ 

B 

1 

Total. 

a 

5 

3 

□ 

4 

5 

a 

8 

1 

1 

a 

1 

— 

— 

1 

1 

8 

5 

15 

□ 

1 


^ 'Hia soalM ftboTt th« Utenl Um wm« ixnintad downward and backward from the oriain of the MMDd 
donal fin. tboao below the lateral line were counted wward and forward from the origin of the anal fin, thoee 
ak^ the lateral Una were counted to the baee of the caudal raja* thoee around the eauoal ped\vie)e repreaent a 
minima enumeration 

B The laat ray of the aoft doraal and anal flna waa eounted aa double at the baae 
* Berenteen prinelpal caudal raya were eounted In all apeeunena 


Fivo pores are given off by tho lateral canal of the head, the anterior from a 
short downward projecting tube and the next three at the tips of long slender 
tubes, which project downward and backward. The supratemporal canal is 
complete, giving off a median pore from a short backward projecting tube, 
and one lateral pore on each side from longer and slenderer tubes that project 
backward and slightly downward. A smgle postorbital pore opens froin a 
short backward projecting tube from the supraorbital canal on each side, and 
the interorbital pore of each side opens from a short tube that projects out* 
ward or outwara and backward. The posterior nasal pore opens from a short 
tube just above the anterior end of the slitlike, posterior nostril. The an¬ 
terior nasal pore lies anterodorsal to the tubular, anterior nostril. The 
coronal pore opens at the end of a long tube which may bo curved slightlv 
to the left or Hg^t. The infraorbital cai^ is complete with 8 pores; of which 
the anteriormost lies below and behind the anterior nostril, the second and 
third open from slender tubes near the edge of the maxillary groove, the 
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fourth emerges from a short upward projecting tube, and the posterior 
four open from long slender tubes that project downward and backward. 
Of the ten operculomandibular pores the six on the preoperclo open from 
short, side tuoes. The complete lateral line is veiy slightly arched anteriorly. 
(NomencLaturo of canals and pores from Hubbs and Cannon, p. 10, pi. 2.*) 

The genital papilla of the adult male is a depressed and rounded, conical 
projection, which is smooth except for a short, longitudinal groove near its 
tip; that of the female is broadly semicircular, with several deep grooves 
radiating forward and outward from the orifice. 

The pelvic fins are separated by a space equal to about four-fifths of the 
pelvic base. Between the pelvics there are two or three enlarged median 
scales, which may or may not be followed posteriorly by a naked strip for 
two-fifths of the length of the pelvic fins. In males the remainder of the mid- 
lino of the belly is provided with a series of greatly enlarged scales with long 
and very strong ctenii; in females these seales arc scarcely or not at all en¬ 
larged and the ctenii are little developed. There are one or two slightly to 
moderately enlarged scales at the union of the pelvic bones near the middle 



Fig 1 —Psretype of Hadntpttnxa polmoru, U S N.M 117881, an adult male 07.S 
mm In standard length, from the Etowah River, Ga. The photograph, of the right side 
of the fish but reveraed in printing, was taken by Max E. Davis. 

of the breast, and the subtriangular area between the pelvic bones is provided 
with small imbedded scales; otherwise the breast is entirely naked. The nape 
and checks are covered with well-developed imbricating scales; those of the 
cheek are in seven or eight rows as counted from the eye to the pMtero* 
ventral angle of the preopercle. The oporcles are provided with deciduous 
scales, varying from a complete absence of scales in some of the larger adults 
to an almost complete covering in juveniles. The holotypo has five small, 
nonimbricate, imb^ded scales on the left opercle and nine on the right. 

The spinous dorsal is long and rather low and is narrowly separated from 
the soft dorsal. The soft dorsal and anal are large. The first of the two anal 
spines is much stronger but slightly shorter than the second. The margin of 
the caudal is slightly concave. The pectorals are broadest near their middle 
and extend as far back as the pelvics. 

Coloration ,—With the exception of evidea, paimaria is the most colorful 
and handsome species of Hadropterua thus far described. In life the b^ies of 
adult males were deep yellowish brown above, shading to dull olivaceous on 
the breast. On each sioe were eight to ten dark greenish-black vertical bars 

* The dartari of the genam Hololepts and ViUoni. Miao. Publ. Mus. Zool. Unlv. 
Mlehlgsn, 30:1-93, pla. 1-8. 1985. 
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(which retained their color in preservation), each considerably wider than 
the interspaces. These bars are usually continuous with their fellows across 
the back, especially anteriorly: and each narrows and fades ventrally, failing 
to cross the mid ventral line; those on the caudal peduncle extend somewhat 
lower than those on the body. In females the lateral blotches are longer than 
high and fail to ascend high on the sides. The bands are scarcely in contact 
with one another along the lateral line in some places; in others the contact 
is equal to the eye’s breadth The cheeks and lower jrartions of the opercles 
were (in life) dull yellowish green. The throats were iridescent with bluish- 
purple reflections; in preservation they are faintly dusky but lees so than 
the mandibles. Unlike most species of the genus Hadroptenut there is no trace 
of a subocular dark bar. A narrow dark band extends forward from the 
middle of the eye through the nostril, usually joming with that of the op¬ 
posite side across the frenum. A dark bar extends backward from the eye 
across the upper part of the check to the anterodorsal corner of the opercic. 
A few dark siwts are scattered on the dorsolateral surfaces of the back of the 
head, and somewhat larger dark spots are present between the lateral bars 
on the dorsolateral surfaces of the body. 

In life the spinous dorsal was light near the base, with a rich chocolate- 
brown spot on each interradial membrane. This light area was succeeded 
distally by a dusky band, which shaded gradually into a rich reddish-orange 
band occupjring most of the distal hidf of the fin, which was sharply and 
narrowly edged with clear white. In preservation the white edging and the 
dusky band are evident in the otherwise uniformly faint pigmentation. The 
soft dorsal was dull orange-yellow, with a narrow light troracr; a few scat¬ 
tered dark radial spots tend to form rows about one-third and two-thirds of 
the distance from the base, but in some specimens they are faint or obsolete. 
At the b^ of the caudal there are two large light spots (each about sixe of 
eye), which were pale yellowish orange in life. Three wavy vertical bars on 
the caudal are formed by pigment confined to the rays. The caudal, anal, 
(litorals, and polvics were suffused with dull yellow in life, and all had light 
distal edges. In preservation the basal half of the anal is faintly dusky; the 
pelvicB have a few median dusky spots; and each pectoral has a narrow 
curved bar just proximad of the midme 

The color description given above was drawn from the Georgia specimens. 
Juveniles from Saumhatchoe Creek, Ala, vary greatly in body pattern. 
Some differ but little from the adults, whereas others are heavily and ir^ 
regularly mottled with dark on the sides and the lateral scries of blotches are 
scarcely or not at all developed. 

Habitat .—The Etowah River is an upland stream (elevation at site of 
collection about 1,300 feet), which at the time of the collection was clear, 
colorless, cool (67” F.), and with a moderate to swif^ current. It varied from 
about 36 to 60 feet in width, and the flow, estimated at 260 cubic feet a 
second, was somewhat greater than normal owing to recent rains. The bot¬ 
tom was composed largely of sand, with coarse gravel and slab-rubble riffle 
areas. Vegetation was limited to slight algal growth on the stones. 

All the specimens of H. palmans were taken on a swift riffle, which was 
about 6 feet long and extended the width of the stream. It varied from a few 
inches to over a foot in depth. Common associates of H. palmarU on the riffle 
were PoeeiUchihy$ jordant and Cottut tophenu (probably this species although 
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the lateral line is nearly or quite complete). Other species taken in the col¬ 
lection were MoxoaUma sp, Hypentdium etowanum, Notropia aiiluhus, 
N. X. xaenoeephaluaj N. triehroiatius, and Mteropterua cooaae. Local residents 
reported that rainbow trout occurred in the stream, but none were collected. 
No habitat data are available for the Alabama collections. 

Relalionahtpa. — H. palmarta differs trenchantly from all other known 
species in the genus in coloration and color pattern; especially distinctive arc 
the pattern of the spinous dorsal, the uniform absence of a subocular bar, and 
the presence of dark spots on the anterior back and of two round light spots 
at the base of the caudal. It differs from macrocephtUua, phoxocep/udua, and 
oxyrhynchua especially in the blunter snout, the shorter distance from the tip 
of the snout to the union of the gill membranes (see Hubbs and Raney, loc. 
cit.), and in the larger scales In its entire preopcrcle, palmarta contrasts with 
H. acierua. The Atlantic drainage species, peltaltia and roanoka, differ from 
palmarta, among other respects, in the larger scales and in the absence of 
scales on the nape. H maculaliia and H palmarta arc quite similar in form, 
although m maculatua the soft dorsal and anal are much lower, but maeulaiua 
typically lacks scales on the predorsal area, and has more perfectly scaled 
opcrcles than palmarta. On the basis of color pattern //. palmarta is separable 
at a glance from H. nigrofaactatua, the only other described species of the 
genus from the Alabama basin It also differs from that species in the im¬ 
perfect squamation of the opercles, the much larger and more specialised 
midventral scales of the males, and in the stronger fin spines, especially the 
first anal spine Although palmarta lacks the characteristic subocular dark 
bar of endea, the two species share certain features of coloration. Both have 
paired light spots at the base of the caudal, lateral blotches which are similar 
in shape and color and agree in continuing upward to cross the back, and 
each is highly colored in life H mdea is a heavier and more robust species, 
and in it the spinous dorsal is conspicuously higher and more rounded, and 
the soft dorsal lower than in palmarta. The absence of check scales in eoidea 
and the imperfect squamation of the opercles in palmarta are cleaiHiut dif¬ 
ferentiating features. 

//. palmarta seems to share more similarities with emdea than with other 
species, the two apparently standing somewhat apart from the remaining 
species in the genus. 
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ICHTHYOLOGY.— The remora Phtheirichthys lineatus and the first 
spedmenfrom United States waters.^ Hugh M. Smith, U. S. Na¬ 
tional Museum. 

In the year 1791 there appieared two descriptions of a new remora 
called Echmeis lineatus by Archibald Menzies in Transactions of the 
Linnean Society, London (vol. 1, p. 187, pi. 17, hg. 1), and Echeneis 
tropica by Bengt Anders Euphraa4n in Kongliga Vetenskaps Acade- 
miens Nya Ilandlingar, Stockholm (vol. 12, p. 317). The habitat of 
E. lineata was stated to be the Pacific Ocean between the tropics, and 
the single specimen 5 inches long on which the description was based 
was found adhering to a turtle. For E. tropica the locality given was 
latitude 2° 9' N., longitude 20° 49' W. from Paris, a place in the At¬ 
lantic Ocean about 600 miles southwest of that part of Africa now 
known as Liberia, and the single specimen mentioned was discovered 
attached to the nautical log of a ship when the log was pulled aboard. 

I'hese two names have generally been regarded as applying to the 
same species, and there is certainly nothing in the original descriptions 
to indicate specific distinctness. The outstanding character is the 
possession of only 10 laminae in the cephalic disk, combined with fea¬ 
tures that are shared with the common remora Echeneis naucrates, 
such as the very elongate body, ventral fins narrowly adnate to the 
abdomen, angulate pectoral fins, middle caudal rays produced in the 
young, and strongly projecting lower jaw with a cutaneous symphys- 
eal flap. In 1862 Gill (Proceedings of the Academy of Natural 
Sciencies of Philadelphia) created the genus Phtheirichthys and desig¬ 
nated Echeneis lineata Menzies as the type. 

With two specific names for the same fish coining into use in the 
same year, there arises the question of the proper one to adopt. While 
the question may not be definitely settled by the internal evidence 
afforded by the respective publications, there is ground for a reason¬ 
ably satisfactory decision affecting both priority and convenience. 

The Nya Handlingar in which Euphras6n’s Echeneis tropica was 
described (in a paper entitled “Scomber atun och Echeneis tropica 
beskrisne”) was issued in quarterly parts with consecutive pagina¬ 
tion, the paper appearing in the part for October, November, and 
December 1791. It is improbable that the part was printed and dis¬ 
tributed before the last quarter of 1791; it is possible that it was not 
issued until the last month of that quarter or even the beginning of 
the next quarter. 

< Publiflbed by permiuioa of the Secretary of the Smithsonian Institution. Re¬ 
ceived September 3^ 1940. 
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Menzies's paper, ''Description of Three New Animals Found in the 
Pacific Ocean,” was read before the Linnean Society on April 6,1700, 
and was followed by papers by other authors read in October, Novem¬ 
ber, and December, 1790, and March, 1701, and was preceded by 
papers read in 1788, 1780, and 1790, with an addendum to one of the 
papers bearing date of February 6, 1701. The plate accompanying 
the paper contains, in addition to a figure of the remora, figures of a 
worm and a leech described by Menzies and foiu* figures of insects re¬ 
ferred to in a paper by another author. The make-up and general ap- 
peuance of the volume strongly indicate that it was published as a 
whole, and there is nothing to suggest that any of the papers were is¬ 
sued as separates; indeed, such issuance was practically precluded by 
the fact that figures illustrating papers by two different authors ap¬ 
peared on the same plate. The title page of the volume bears date of 
1791, and it may be safely inferred that the volume was issued in the 
first half of that year. 

But even if it can not be conclusively shown from the evidence at 
hand that the name Echeneis lineatua has priority over Echeneia tro¬ 
pica, it may be proper, and it is certainly desirable, to render a deci¬ 
sion in favor of the former because the description was accompanied 
by an illustration and because lineatua was designated as the type of 
a new genus. 

The first mention of this fish as an inhabitant of the coastal waters 
of the United States w’as by Jordan and Gilbert (Proc. U. S. Nat. 
Mus. 5:591. 1882), who recorded a specimen 4 inches long taken by 
Gilbert at Charleston, S. C., in July-August, 1882. This specimen, ap¬ 
parently no longer in existence, was fully described and was the basis 
for the statement in Jordan and Gilbert’s Synopaia of the fiahea of 
North America (1883) that the species ranges in "tropical seas, north 
to South Carolina.” In Jordan and Evermann’s Fiahea of North and 
Middle America (part 3, 1898) the species is reported to range also to 
Pensacola, although in Evermann and Kendall’s Chech-liat of the 
Fiahea of Florida (1900), which included "all salt-water species known 
from Florida within the depth limit of 1,000 fathoms,” this remora is 
not listed. In the Check Liat of Fiahea and Fiahlike Vertebratea of North 
and Middle America (1930), by Jordan, Evermann, and Clark, the 
species appears under the name Phtheirichthya tropieua, without men¬ 
tion of P. lineatua as a synonym. 

It now remains to present a record of what appears to have been 
the first specimen of Phtheirichthya lineatua taken in United States 
waters. A short time ago Dr. Leonard P. Schultz, curator of fishes in 
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the United States National Museum, found in the National collection 
a fish labeled Rhombochirua oateochir, which proved to be a Phtheirich- 
thya indistingiiishable from the form described and figured by Men- 
zies. The specimen came from Woods Hole, Mass., was obtained in 
1871 by Vinal N. Edwards, the indefatigable collector of the United 
States Fish Commission, and was catalogued in 1876, bearing the 
number 20331 in the Museum register. In view of my special interest 
in the fish fauna of the Woods Hole region, Dr. Schultz has kindly per¬ 
mitted me to make known the existence of this specimen, which is 
apparently the first and only one reported from our northeastern 
coast. The specimen, in an excellent state of preservation, is 15.6 cm 
long, with disoal laminae numbering 10, dorsal rays 31, and anal rays 
30, and, although nearly 60 years in alcohol, it still shows the two 
whitish longitudinal stripes along the side as represented in Menzies’s 
plate and embodied in his specific name. 


PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 


THE ACADEMY 


363d ueetino of the board of makaoers 


The 363d meeting of the Board of Managers was held m tho Board Room 
of the Cosmos Club on Friday, October 11, 1040. President Crittenden 
called the meeting to order at 8:03 p.m. There were 16 present, as follows: 


E C Crittcndxn 
F D. Rossini 
F C Kbacik 
H S. Rappliti 
H C Fuller 


J H Hirbin 
Q. Steiner 
F M Sbtsler 
A. T. McPherson 
A H. Clark 
C. Trom 


W. Rambebo 
E W Price 
C L Oarner 
and by invitation 
J. H. Kbmpton 


President Crittenden appointed the following Committee of Tellers 
to count the ballots on the three proposed amendments to the bylaws, which 
were submitted to vote of the membership on October 7: H. N. Eaton, 
chairman; R. S. Jessup; B. J. Mair; Charles Moon, alternate. 

Chairman Garner reported for the Committee on Meetings that the 
following program of meetings has been arranged for the Academy for the 
season October to April, inclusive: 

October 17, 1040 Dr. W. F Q. Swann, direotor of the Bartel Research Foundation 
of the Franklin Institute, Svarthmore, Fa, on *'The Laws of Nature 
November 28,1040. Dr. Vbroil Reed, assistant direotor of the V. 8. Bureau of Census, 
on “The Human Side of the Census.” 

December 10, 1040. Dr. W C. LownBBKiLK, chief of the Division of Research of the 
U. 8. Forest Service Title not yet announced. 

January 10,1041. Annual meeting and presidential address. 
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February 20, 1941. Dr. P. W. Bbidouan, profenor of physics at Harvard University, 
Cambridge, Mass. Title not yet announced 
March 20,1941. Awards for scientific achievement 

April 17, 1941 Tentatively, Commander F W RiioaBLDBBraR, chief of the U. S. 
Weather Bureau. 

The date for the November meeting was changed to the 28th because the 
2l8t is Thanksmving Day. The Octoter and November meetings are sched¬ 
uled to be held in the Assembly Hall of the Cosmos Club, as in the past. 
Commitments for the following months will be made later. 

On recommendation by the Committee on Mombership, who submitted 
the names at the last meeting of the Board, 17 persons were considered indi¬ 
vidually and duly elected to membership. 

Mr. Setzler presented the rejxirt of the Special Committee, of which he 
is chairman witn H. E. Gibbon and R. R. Spencer members, on Society 
Affiliation with the Academy. The committee considered the list, published 
in Vol. 30, No. 1, Jan. 15,1040, of the Journal, of societies not affiliated with 
the Academy and recommended action on organizations representing dis¬ 
ciplines having a small active stable membership within the District of Co¬ 
lumbia. The report was accepted by the Board, and the committee was in¬ 
structed to re^rt in detail on the Washington Section of the American 
Institute of Mining and Metallurgical Engineers; the Washington Chapter 
of the American Institute of Metals, and the Washington-Baltimore Psycho¬ 
analytic Association. 

The secretary reported the following status of Academy membership: 




Nonrendent 

Toua 

Active 

420 

127 

547 

Retired 

30 


43 

Honorary 

3 

14 

17 

Patrons 

— 

2 

2 

Total . . 

453 

156 

609 


Cognizance being taken of present commitments in the form of nomina¬ 
tions. acceptances, etc., there is a minimum of 22 vacancies in the resident 
membership and of 6 in the nonresident membership. 

The Board adjourned at 0:18 f.m. 

ELECTIONS TO MEMBERSHIP 

The following were recently elected to resident membership: 

Ernebt Adna Back, principal entomologist, U. B Bureau of Entomology 
and Plant Quarantine, in recognition of his contributions relating to the con¬ 
trol of attacks of insects on stored products and to the biology and control of 
citrus white flies. 

Nathan Lincoln Drake, professor of organic chemistry, University of 
Maiyland, in recognition of his contributions to organic chemistry, in par¬ 
ticular his researches on the constitution of the polyterpenoids. 

Lyndon Frederick Small, head chemist, National Institute of Health, in 
recognition of his studio on morphine derivatives. 

R. Clifford Hall, principal forester, U. 8, Forest Service, in recomition 
of his researches and investi^tions on forest policy and forest tax pnmiems. 

Waltw J. Hamer, associate chemist, National Bureau of Standards, in 
recognition of his work on hydrogen ion concentration, in particular his in- 
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vestimtions on the thermodynamics of Gulphuric-acid solutions and the 
development of a pH method using ^vanic cells without liquid junctions, 

Vebne Lester Harper, senior silviculturist, U. S. Forest ^rvice, in 
recognition of his contributions to oleoresin production in pines, in particular 
the effect of weather and soil factors on gum flow. 

Jay P Kinney, supervisor of work program, Indian Service, U. S, OflSce of 
Indian Affairs, in recognition of his contributions to forest law and history 
and to the improvement of forest management on Indian lands. 

Jacob Kotz, clinical professor of obstetrics and gynecology, George 
Washington University, in recognition of his contributions to endocrinology. 

Joseph Thomas Pardee, senior geologist, U. S. Geological Survey, in 
recognition of his contributions to the geology of metalliferous deposits 
(including manganese) in the Northwestern States. 

Elizabeth Parker Bartsch, physician, clinical instructor in obstetrics 
and gjmocology, George Washington University, in recognition of her re¬ 
searches in female cndocnnology. 

Raymond Price, senior forest ecologist, U. S Forest Service, in recogni¬ 
tion of his researches relating to forest and range lands, particularly in con¬ 
nection with range management, artificial revegetation, and plant nutrition 

Frederic G Renner, chief of the division of range conservation, U S. 
Soil Conservation Service, in recognition of his researches on erosion control 
and watershed protection on forest ranges and other range lands. 

Oscar William Torreson, observer, Department of Terrestrial Magne¬ 
tism, Carnegie Institution of Washington, in recognition of his investigations 
in atmospheric electricity 

Richmond Tucker Zoch, associate metcrologist in charge of library, U. S. 
Weather Bureau, in recognition of his contributions to mathematical 
hydrology. 

The fmlowing was recently elected to nonresident membership: 

George Burton Rigg, professor of botany, University of Washington, 
Seattle, Wash., in recognition of his contributions to plant physiology, in 
particular his researches on the physiology and ecology of sphagnum-bog 
vegetation. 

CHEMICAL SOCIETY 
512th meeting 

The 512th meeting was held in the School of Government Building of 
George Washington University on Thursday, October 12, 1939, President 
Kbacek presiding After the completion of routine business the following 
communications were presented in three sections: 

Inorganxc and Anolyiical Chtmuiry ^ C. R Xabsvr presiding 

F. W. Schwab and E Wicherb: The Preparation of Benzoic Acid of Htgh 
Purity. 

A. K. Brewer: A Thermal Method for the Separation of Isotopes. 

F. W. Glaze and A. N. Finn: A Modification of the Partition Method for 
Determining Boron in Glass. 

Organte and Btologtcal Chemisiryf C. M. Mack all presiding 

L. D. Goodhue and H. L. J. Haller: Recent Progress tn the Chemistry of 
Derris. 

M, B. Matlack: The More Important Aspects of Our Work on Lipase and 
Esterase. 
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L. A. Shinn and B. H. Nicolet; The Action of Periodic Acid on Amino 
Alcohola and Amino Adda. 

Pkyaieal Ckenmtry , M. H. Van Hobn preildlng 

S. Brunauer and P. H. Euuett: Chemiaorptiona of Gaaca on Iron 8ynr 
thetie Ammonia Catalyaia, 

A. Brenner : The Electrodepoaihon of Copper-Btemvik AUoya from a Per- 
chlorate Bath. 

C. K. Horner and D. Burk: The Catalytic Function of Molybdenum in 
Nitrogen Fixation by Aeotobaeter. 

513th UBETINO 

The 513th meeting was held in the auditorium of the East Building of the 
National Bureau of Standards on October 26, 1039, President Kracek 
presiding. Following the completion of routine business, the Society was ad¬ 
dressed by H. Mark, formerly of the University of A^cnna, on The Elastic 
Behavior of High Polymeric Subatancea. 

514tU HBBTINO 

The 614th meeting was held in the auditorium of the Cosmos Club on 
November 0,1939, President Kracek presiding. The Society was addressed 
by Earl P. Stevenson, president of Arthur D. Little Co, of Cambridge, 
Mass., on the subject Reaearch in Industry, Elections were held for the offi¬ 
cers for the Society for the year 1940. The following were elected: President, 
R. M. Hann; Secretary, Norman Bekkedahl; Treasurer, E. R. Smith; 
Councilors, F. G. Brickwedde, N. L. Drake, R. Gilchrist, H. T. Her¬ 
rick, G. E. Hilbert, B. H. Nicolet, B. D Van Evera; Managers, M. M. 
Haring, S. B. Hendricks, J. T, Scanlan, S. T. Schicktanz, L. A. Shinn, 
H. P. Ward. 

616th meeting 

The 515th meeting was held in the auditorium of the Cosmos Club on 
November 30, 1939, President Kracek presiding. Following the completion 
of routine business, the Society was addressed by Robert E. Lutz, of the 
University of Virginia, on Some Recent Work on Furans and Hydroxy- 
furanonea 

616th mbeting 

The 616th meeting was held in the auditorium of the Cosmos Club on 
December 14,1939, President Kracek presiding. Following the completion 
of routine business, the Society was addressed by W. Fbankenburo on 
Relaltona Between Photochemical and CaUdytic Proceaaea. 

517th meeting 

The 517th meeting was held jointly with the Washin^on Academy of 
Sciences in the auditorium of the Cosmos Club on Decemher 21,1909. ^e 
President of the Acadenay, Charles E. Chambliss, introduced B. F. Nico¬ 
let, Resident Vice-President of the Academy, who presented l^e roeaker of 
the evening, C. S. Marvel, professor of organic chemistry of the iMversity 
of Illinois. Dr. Marvel addressed the meeting on Plastic OlaaaUke Reaina 
(Vinyl Polymers). 

618tr meeting 

The 618th meeting (56th annual meeting) was held in the auditorium of 
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the Cosmos Club on January 11,1040, Pimdent Hann presiding. After the 
reading of reports of the officers and committees for 1030 and the completion 
of other routine business, the Society was addressed by the retiring Presi¬ 
dent, Frank C. Kracek, who spoke on Some Chemi^ Anpeeta of Order- 
Disorder Phenomena. 


510th uebtino 

The 619th meeting was held in the auditorium of the Cosmos Club on 
February 8, 1940, President Hann presiding. Following the completion of 
routine business, the Society was addressed by L. Michablib, of the Kocke- 
fcllcr Institute for Medical Research, New York City, on Reversible Oxidor- 
tion-Reduction in Organic Compounds and Semiquinone Radicals. 

520th mbbtino 

The 520th meeting was held in the auditorium of the Cosmos Club on 
March 14, 1940. The occasion was the annual banquet of the Society, and 
119 members and guests gathered together to celebrate the awarding of the 
Hillebrand Prize to R. E. Gibson, of the Geophysical Laboratory, Camepo 
Institution of Washington, for this excellent work. The Behavior of Solutions 
Under High Pressures. President Hann acted as Toastmaster. He first in¬ 
troduced L. H. Adaub, the director of the Geophysical Laboratory, who 
spoke on Some Significant Aspects of High-Pressure Research. Following this, 
Past-President Kracek introduced the recipient of the award. Dr. Gibbon, 
who was then presented with the certificate by Dr. Hann. Dr. Gibbon then 
addressed the Society, giving a rdsumd of his work in the field of the be¬ 
havior of solutions under high pressures. 

6218T heetino 

The 52let meeting was held in the auditorium of the Cosmos Club on 
March 28, 1040, President Hann presiding. Following the completion of 
routine business, the Society was addressed by Phillip Abelbon, of the 
Department of Terrestrial Magnetism, Carnegie Institution of Washington, 
who spoke on Indentifieaiion of the Products of Uranium Fission. 

522d mbbtino 

The 622d meeting was held in the auditorium of the Cosmos Club on 
April 11,1940, S. B. Hendricks presiding in the absence of President Hann 
The Society was addressed by two members of the National Institute of 
Health: 

Sanford M. Rosenthal: Experimental Studies upon Sulphanilamide and 
Related Compounds. 

Hdoo Bader : Chemical Structure of Some Arsenic and Phosphorous Com¬ 
pounds Active against Bacterial Infedtons. 

523o meeting 

The 623d meeting was held in the auditorium of Engineering Building, 
University of Maryland, College Park, Md., President Hann pre«ding. 
H. S. Isbell and C. E. WAite were elected to the Board of Managers to M 
vacancies arising from the resignations of J. T. Soanlan and 8. T. Schick- 
tAnz. After the completion of other routine business, the foOowing com¬ 
munications were presented in three sections: 
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Physical Chmisfry, M. M. Habing predding 

J. Steinhardt and M. Habbib: Role of Amon< and of UndUeocialed Acide 
%n the CombiMtton of Acids vnth Proteins, 

D. V. SiCKUAN and W. P. Rathford: Induced Chains and the Mechanism 
of the Thermal Decomposiiion of Acetaldehyde. 

E. R. Smith: LtmticUtons of the Polarographic Method of Analysts. 

Organic and Biotoffical Chemtsiry^ N L Dbau preddiog 

W. H. Sebrell and F. 8. Daft: Vitamin Bt Complex Deficiencies. 

J J. Stubbb, L. 6 . Lockwood, E. T. Roe, B. Tabenkin and G. E. Ward: 
Production of Ketogluconic Acids from Olucose by Acetic^Acid Bacteria. 

S. N. Wrenn and C. I. Pope: Reaction of Acetals with Anhydrous Hydrogen 
Bromide. 


Analytical and Inorgamc Chemieiry^ W J Svirbely presiding 

C. E. White: Fluorescence Analysis of Aluminum and Thorium. 

W. D. Mogerman and J. A. Scherrer: Determination of Tin in Non- 
ferrous Alloys by the DistiUalion-Cupferron Method. 

W. 0. Robinbon: The Occurrence of Rare Earths in the Leaves of Hickory 
and a Few Other Plants. 

Norman Bbkkbdahl, Secretary 

BOTANICAL SOCIETY 
SOlST meeting 

The SOlflt regular meeting was held in the assembly hall of the Cosmos 
Club, December 5, 1939, Vice-president Charlotte Elliott presiding; 
attendance 100. 

Notes and reviews. —M. B. Waite called attention to the fact that he had 
found a butternut tree {Juglans cinerea) growing on the Coastal Plains, 
near Walshs Grove, 1 mile from Priests bridge on the Patuxent River. He 
also displayed a puffball, CcUastoma cinnabarinum, which he had collected 
on his farm growing among sphagnum and ferns and a rare climbing fern, 
Lygodium palmatum. which was growing in his apple orchard among dead 
golden-rods. It is related to Schizaea. 

Program. — Phillip Brierly; Mosaic of lilies. —Two viruses can be iso¬ 
lated from Easter lilies {Lilium longiflorum Thunb.) affected with necrotic 
fleck mosaic: A strain of cucumber virus I and a virus similar to Mc¬ 
Whorter's latent virus of lily. Tulip viruses such as McWhorter's latent type 
fail to infect tobacco, and cucumber-virus strains are not recovered when 
necrotic fleck is passed through tulip. Tulips inoculated with cucumber virus 
develop leaf and flower symptoms aistinct from the usual breaking of tulips. 
Easter-lily seedlings show mild symptoms or none following inoculation with 
latent virus only, and none with cucumber virus only; under some conditions 
they develop fleck when cucumber virus is superimposed on latent viruB, 
The coarse mottle mosaic of Easter lily yields a tulip virus but no cucumber 
virus. Lilium formosanum Stapf expresses symptoms on inoculation with 
tulip viruses including that wbch is latent in Easter lily and other species. 
This species is a convenient su^titute for tulip in indexing lilies for the 
presence of tulip virus. With this species and tobacco used as test plants, 
cucumber and tulip viruses have l^en shown generally distributed both 
separately and in double infections in many lily species in gardens. 

Charles Thom: Address of the retiring president, Naming molds, pub¬ 
lished in full in this Journal, vol. 30, no. 2, February 15, lOM. 

Aucx M. Anderbbn, ^cording Secretary 



<&bituar2» 

Fbsdbbick Eugbnk FowIiB was born in Arlington, Mass., on Novpmbpr 
20, 1860, the son of Frederick E. and Maiy Proctor Fowle. He died at 
Washin^o, D. C., on April 23,1940. A precocious youth, he early undertook 
the study of music and longua^, becoming proficient in both. His formal 
education was completed at the Massachusetts Institute of Technology, 
from which he was graduated in 1894. 

As a young man he was for several years assistant at the Harvard College 
Observatory, but after graduation from the Massachusetts Institute of 
Technology tie accepted a position at the Smithsonian Institution, where he 
spent more than 40 years in the measurement and study of the radiation of 
the sun. He was coauthor in Volumes 1 to 6 of the Annals of the Astrophysical 
Observatoiy, and he devised methods of measuring the total atmospheric 
contents of water vapor and of osone. He made valuable researches on the 
influence of th^ vapors on the income and outgo of radiation through the 
atmosphere which will long be referred to. Not less valuable was his assembly 
and editorship of the Smithsonian Physical Tables, a reference work that he 
made invaluable in these da;^ of rapid discovery of the physics of the atom 
and the extension of the universe. Nearly 20,000 copies of this book went 
into the hands of research men during his editorship, and received universal 
praise for broadness and accuracy. 

By his first wife, Susie Gates, of Arlinf^n, Mass, Mr. Fowle had two 
children, who survive him. In 1930 ho married Juliana Thomasson, of North 
Dakota, who also survives him. 

Francis Randall Haonbr died suddenly on July 7, 1940, at his home, 
1824 Nineteenth Street, NW., Washington, D. C. Dr. Hagncr was bom in 
Washington in 1873, the son of Dr. Charles E. and Mrs. Isabella Davis 
Hagner. His family had long been prominent in the affairs of Mainland and 
the District of Columbia. He received his preliminary education at the 
Emerson Institute. In 1894 be was graduated from the School of Medicine 
of the Columbian College^ow George Washington University. After gradu* 
ation he went to Johns nopkins Hospital, booming assistant resident in 
surgery. In 1896 he return^ to Washington to practice medicine. For a 
time he carried on a general practice, but after a few years he began to spe- 
cialiie in urolo^. 

He was appointed professor of ^nitourinary surgery at the George Wash¬ 
ington University School of Medicine in 1905, which position he held until 
his retirement in 1939 when he became professor emeritus. Dr. Hagner will 
be remembered as a successful teacher and leader in his field. Many of his 
students through his influence, have specialised in the field of urology. 

Many honors came to him in the field of medicine, and he served as prem- 
dent of the American Association of Genitourinary Burins, the Clinical 
Society of Genitourinary Surgeons, the Clinico-Pathological fociety of the 
District of Columbia, and the Medical Society of the District of Columbia. 
He was a life member of the American College of Surgeons, a fellow of the 
American Medical Association, and a member of the American Urological 
Association and the Southern Surgical Association. 

Dr. Hagner invented numerous devices and made marked advances in 
procedures involved in his specialty and wrote many medical articles relative 
to it. 

Among Dr. Hagneris many interests one of the outstanding was his pro¬ 
longed and thoroi^ study of the life of John Wilkes Booth and of the dr- 
cumstances surrounding the assassination of President Lincoln. He was 
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deeply interested in the collection of etchings and early Western Americana. 
He was a member of the Washington Academy of Bmences, the Biological 
Society of Washington, and the Columbia Historical Society. 

He was possessed of a charming personality which won him nosts of friends 
and admirers both in Washington and wherever he was known. He was one of 
the most beloved as well as one of the most distinguished physicians of our 
time. 

Dr. Hagncr married Miss Elisabeth Allemong of Charleston, W. Va., in 
1898. She and a sister, Mrs. Norman James of Baltimore, survive him. 
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OoBBypium. 8 C. Habland. 426. 

The botany and history of Zttania 
aquatica L. (“wild noe"). 
Chablbb E. Chambubb. 185. 

'The sexual process in the rust fungi. 
A. H. Rbginald Bullbb. 464. 

The wild bean Pha$eoluB polyatackyuB 
(L.) B. 8. P.: Its chromosome num¬ 
ber. H. A. Allabd and H. F. 
Allabd. 386. 

Three fungi destructive to free-living 
terrioolous nematodes. Cbabuib 
Dbbobblbr, 240. 

Two new genera of Acanthaceae from 
Guatemala. E. C. Lbonabd. 601. 


646 



646 JOUBNAL OF THK WABHIHGTOK AOADSIfT OF 8CI1IN0M TOL. 80| MO. 12 


Two new North Amerioui ipeoles ol 
Vili9, J. L FBKIfBLL 16. 

Two new epeoiee of MukUnbergia, 
Cbaalottb O. Gooddino. 10. 

*Vmriability etudies in the tomato 
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studies. DonoTHT Blaisosu.. 
462. 

*Varlability studies in the tomato 
Fusonum wilt organism; |>atho- 
geniolty studies. F. L. Wbllman. 
468. 

* Western American alpine plants. 
Iba N OABaiaiiaoN. 453. 

ChemiMtry, Ans^me Payen, distinguished 
French obemist and pioneer inves¬ 
tigator of the chemistry of lignin 
Max Pbilups. 66. 

A study of the association .of mag¬ 
nesia with silica in a pure mag¬ 
nesium clay. P. O Nuttino. 
233 

Cyanogenesis and ensyme activity 
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Couch and Rsihhold R. Bbibsb 
413. 

Some new oyanogenetio plants. 
£. A MobaNi R. R. Bbibbb, and 
J. F. CoucB. 237. 

The separation of isotopes by chem¬ 
ical means Habold C. Urbv. 
277. 
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eases on the food supplies of wild¬ 
life Q. F Obavatt. 461. 

Entomology. A genus of histerid beetles 
new to the United States. Ru- 
PBBT L. Wbnsbl. 616. 

New genera and speoiee of lady- 
beetles related to ArranpiMm Black¬ 
burn (Coleoptara: Coccinellidae}. 
Edward A, CsAnN. 263. 

Siidionaptera from Western United 
States. iBviNo Fox. 272. 

Some new species of Syrphidae 
(Dlptera). Franx M. Huu.. 
432. 

Ten new West Indian scarab beetles 
of the genus FhyUophaga, with two 
new names. Lawbbnob W. Sat- 
LOB. 806. 

The North American empoasoan 
leafhoppers of the aOmeura group 


(Homoptera-CioadellkUe). ^ahot 
H. Webbub. 476. 

The ovlpositlon habits of the Eu- 
obaridae (Hymenoptera). CuBTia 
P. CLAU8BN. 604. 

GsooAemirtry. *Qeochemieal relations of 
ground waters in the Houston- 
Qaiveeton area, Tex. Maboabbt 
D. Fobtbb. 400. 

*Voloanio ash as a source of silica for 
the iiUoification of wood K. J. 
MuBAtA. 496. 

* Water analyses. W. D. CoLUira. 

406. 

Otology. ^Convection currents and 
mountain-building. David Obioob. 
404. 

‘Displacement along the Hurricane 
fault In Utah and Arisona. Louib 
S. Oabdnbb. 402. 

New formation names to be used in 
the Kingston Range. Ivan pah 
quadrangle, California. D. F. 
Hbwbtt. 280. 

‘Nondepositional environments off 
the California coast F. P. Sbbf- 
ABD. 466. 

Placer gold in Alaska. J. B Mbb- 
TIB, Jb. 08. 

‘Stratigraphic measurements in par¬ 
allel folds J. B. Mbbtib, Jb. 
492. 

‘Structure and motion of cirque 
idaeiers Jambb L. Dtbon. 480. 
‘Structural features on the north side 
of the Beartootb Mountains near 

• Nye, Mont. J. S. Vhat. 490. 
‘The results of magnetometer sur- 

veys on laccoliths in the Highwood 
Mountains, Mont. E. L. Stbpbbn- 
flON. 468. 

Qeopkynec. ‘Exploring the continental 
shaves and dopes. P. A. Smith. 
406. 

‘Oeysen and other hotsprings in 
Iceland. T. F. W. Babth. 808, 
‘Resistivity studies of some geologi¬ 
cal problems. J. H. Swarts. 
410. 

‘Some problems In geophyaios. 
F. W. Las. 410. 

*The geomagneUo field and iU varia- 
Uons. A. Q. MoNuh. 407. 
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*The raoiioat of the earth. H. E. Mammals and land bridges 

MoBGAir. 406. Oborob OATtOBO SivpsoB. 187 

*Thermal activity in Iceland. Tok a new fossil fish based on 

F. W. Babth. 407. dental plates from the Eocene and 

IdUhyoiogy. HodropfSTus pofmont, a new Miocene of Maryland. S. F. 

darter from the Alabama River Blakb. 205. 

System. Rbbtb M. Baiubt. Seven new genera of Carboniferous 

524. Crinoidea Inadunata. Edwin 

The remora Phihsiriehikyt lineaiua Eibk. 821. 

and the first specimen from United Two new corals from the Avenal 

States waters. Hugh M. Smith. formation (Eocene) of Cabfornla. 

581. John W. Wblls. 374. 

Malacology, A new urocoptid moUusk Phycteal cKemictry, *A partial analysis of 
from Mexico Haeald A Rbh* gaseous mixtures without the use 

dbb. 315 of a spectroscope. A. H. Ptitno. 

Mycology, A ringworm disease of musk- 407. 

rata transferable to man. Vbra Phycica, *A traveling-wire micrometer 


K Crablbb 338. 

Obituary, Adlbr, Ctbttb 412 

CUBHINQ, HaRVBT WlLLIAMa. 136 

FowLBp Fbbdbbicx Euqbnx. 530. 

Gboovbr, Thomas Allbn. 455. 

Haonbb, Fbancu Randaij#. 530 

LiNDOBBN, WAU>aMAB 02. 

Matson, Gbobqb Chablton. 1S4. 

Mottibb, David Mthbs 400 

Tbton, F^dbbigk Oalb. 232. 

OmUhclogy, The starling's family life 
and behaviora. H. A Allabd. 
34. 

Palcckolany, A Cuaparui from the Plio¬ 
cene of trans-Andean Bolivia 
Edwabd W. Bbbbt. 464. 

Additions to the Penaauken flora 
Edwabd W. Bbbbt. 132. 

A bracket fungus from the late Terti¬ 
ary of southwestern Idaho. Ro¬ 
land W. Bbown. 422. 

New species and changes of name 
in some American fossil floras. 
Roland W. Bbown. 844. 

The Pliocene Esmeralda flora of 
west-central Nevada. Danibl I. 
Axblbod. 168. 

*The stratigraphic signiflcance of the 
flora of the type lAnoe formation. 
Ebung Dort. 486. 

Polsontolopp. A new QwrHa, Wxluam 
M. Ingbam. 876. 

Fossil psaris from the Colorado 
group of western Kansas. Ro¬ 
land W. Bbown, 865. 


with photographic registration. 
C. B. Watts. 407 
*Beam power tubes as ultra-high 
radio frequency generators. John 
P. Haobn, 411. 

^Electron microscopy. L. Mabton, 
400. 

*Fluotuatlons of the earth's outer 
atmosphere during a great mag¬ 
netic storm L. V. Bbrenbb. 
400 

^Formation of surfaces of slip under 
plastic states of stress. A. Nadal 
800. 

*Fundamentsls of fluorescence. 

R. M. Zabbl. 408. 

*Model testing at the National Hy¬ 
draulic Laboratory K H Bnu. 
300 

^Practical application of fluorescent 
lighting. W. P. Lowbll, Jb, 

400. 

*Propagation characteristics of ultra- 
high radio frequencies. Oscar 
Noeoobdbn. 411. 

^Scattering of light from a modulated 
searchlight beam at high altitudes. 
Ellis A. Johnson. 401. 
*8upenonics in liquids. Francis E. 
Fox. 402. 

*The David W. Taylor Model Basin 
at Carderock, Md. H. E. Saitn- 
dbrs. 809. 

^Ultraaonios and the ratio of speoLfio 
beat of gases. J. C, Hitbbabd. 

401. 
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*UiioerUinti«B in atomio And com- C^mria prM, a naw tmnatodti 

num life. O. Qavow. 408. with remaxhi on the epeeifio ehar- 

Scientific neUe and new, 186, 382. acten of the ''Prima** sronp of 

Zoology, Aotiniarla from Alaaka and Xiphldioeeroariae. Mnux Rennie 

Arotie waten. Oskab CABZ«ouir. child. 437. 

21. ^ Notes on the amphipod Oammarne 

A new harpaot^ooid oopepod from ^ stfnitf Say and description of a new 

North Carolina. R. K Coebb f variety, Oammame rninns var. 

and Juanita Moboan 896. fenmpei. Clabbnob B. Bhoh- 

A new pyonogonid from Pesoadero, kaebb. 888. 

Calif., and distributional notes on Notes on the morphology of ifoor^ 
other spedes. Jobl W. Hbdg- riomum riubu$hi var. echmftlf. 

PBTH. 84. Watland J. Hatbs, Jb., and 

AueirobdMi anoculaia, a new species Fbbdbbxok F. Fbboubon. 37. 

of fish leech from Greenland. J. Studies on the eg^Jayins habits of 

Pbrct Moorb. 620. the fairy shrimp. John Law- 

A new speoies of phyllopod orusta- bbncb Avbbt. 81. 

eean from Stone Mountain, Geor- The hairworm, Gordiue rohuatua 

gia. Edwin P. Cbbasbb. 436. Lcidy, aa a parasite of the Mor- 

A new trematode from Streii laeer» mon cricket, Aiiohrw atmpleo 

Hna: DiploaUmidum atrenu, n. sp. Haldeman. Gbbald Tbobnb. 210. 

Gbohob G. Kbnt, Jb. 87. The nematode genus RatWefneifia 

Boeeardia prodotoidM, a new species Travassos, 1027. A. C. WAimw. 

of spionld worm from California. 474, 

Oloa Habthan. 882. 
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